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Conventions in this document

The numerical values are expressed as follows.
Hexadecimal number: 0xABC
Decimal number: 123 or 0d123 (only when it needs to be explicitly shown that they are decimal numbers)
Binary number: 0bl11 (It is possible to omit the "0b" when the number of bit can be distinctly
understood from a sentence.)

" N"is added to the end of signal names to indicate low active signals.
It is called "assert" that a signal moves to its active level, "deassert" to its inactive level.

When two or more signal names are referred, they are described like as [3:0].
[3:0] shows four signal names 3, 2, 1, and 0 together.

The characters surrounded by [] defines the register.
Example: [ABCD]

"n" substitutes suffix number of two or more same kind of registers, fields, and bit names.
Example: [XYZ1], [XYZ2], [XYZ3] to [XYZn]

The bit range of a register is written like as [3:0].
Example: Bit[3:0] expresses the range of bits 3 to 0.

The configuration value of a register is expressed by either the hexadecimal number or the binary number.
Example: [ABCD].EFG = 0x01 (hexadecimal), /X¥Zn].VW = 1 (binary)

Word and Byte represent the following bit length.

Byte: 8-bit
Half word: 16-bit
Word: 32-bit
Double word: 64-bit

Unless otherwise specified, register access supports only word access.
The register defined as reserved must not be rewritten. Moreover, don't use the read value.

Properties of each bit in a register are expressed as follows.
R: Read only
W: Write only
WI1C:  Write 1 Clear (The corresponding bit is cleared (=0) when "1" is written to this bit.)
WI1S:  Write 1 Set (The corresponding bit is set (=1) when "1" is written to this bit.)
R/W:  Read and Write are possible.
R/WOC: Read/Write 0 Clear
R/WI1C: Read/Write 1 Clear
R/W1S: Read/Write 1 Set
RS/WC: Read Set/Write Clear (Set after read operation, cleared after write operation)

The value read from the bit having default value of "—" is unknown.

When a register containing both of writable bits and read-only bits is written, read-only bits should be
written with their default value. In the cases that default is "—", follow the definition of each register.

Reserved bits of the Write-only register should be written with their default value. In the cases that default is
—", follow the definition of each register.

n

2020-11-16
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All other company names, product names, and service names mentioned herein may be trademarks of their
respective companies.
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Terms and Abbreviations
It is part of the terms and abbreviations used in this specification.
DMA Direct Memory Access
DMAC Direct Memory Access Controller
FIFO First-In First-Out
FIR Finite Impulse Response
128 Inter-IC Sound
PCM Pulse Code Modulation
2020-11-16

9/72 Rev. 1.0



TOSHIBA

TXZ+ Family
I12S Interface

1. Outlines

Each channel of the 12S module can operate as either a transmitter or a receiver of audio data. The list of the
functions is shown in the following table.

Function category

Function

Operation

®TO division

OTO division clock output: 1/2, 1/3 to 1/254, and 1/255 are
selectable.

Master clock

Master clock selection

Selection of the source of the master clock (the internal
clock of the ®TO0 division clock output or the input clock from
the external pin MCKIO).

Master clock output

The master clock can be output from the MCKIO pin in the
master device mode.

Communication speed

The BCK is generated by the output of 1/1, 1/2 to 1/254, or
1/255 division of the master clock.

control

Bit clock (BCK) The LRCK and the SDATA (DO/DI) are synchronous with
the BCK.
LR clock (LRCK) The LRCK is generated by counting the BCK.

Master/Slave

Master or Slave is selectable.

Audio data format

12S stereo, LR stereo, or PCM monaural is selectable.

BCK frequency

Stereo: 32fs or 64fs
Monaural: 16fs or 32fs

Sampling frequency (fs)

Stereo: 192 kHz at maximum
Monaural: 384 kHz at maximum

Communication format

Frame size 16 cycles or 32 cycles

Data length One of 8, 16, 24, and 32 bits is selectable per audio data
(each one of L channel and R channel for the stereo mode).

Right justification/Left justification Left justification

Data transfer direction MSB first

Synchronization timing is selectable between the

Clock edge LRCK/SDATA and the BCK (the rising edge or the falling
edge).
FIFO Transmit FIFO: 256 bytes

Receive FIFO: 256 bytes

Transmission control/
Reception control

Data storage format

The data storage format is selectable (Refer to Table 3.6).

Mute function

ON/OFF switching of the mute function

Interlocking control

Interrupt

Transmission: Transmission data transfer request interrupt
and Transmission error interrupt
Factor of Data transfer request interrupt: Data transfer
request
Factor of Error interrupt: LRCK error and Underrun error

Reception: Reception data transfer request interrupt and
Reception error interrupt
Factor of Data transfer request interrupt: Data transfer
request
Factor of Error interrupt: LRCK error and Overrun error

DMA request

Setting is enabled for the transmission and the reception,
respectively.

FIR linkage

For the details, refer to “Product Information” in the
Reference manual.

10/72
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2. Configuration

12Sx
Clock Control
Clock control registers
[I2SxCSTART], [12SxCBUSY], [12SxCSTOP],
[12SxCAUDIOSET], [I2SxCREGBUSY],
[I12SxCMODESET], [I2SxCPHT_DIV],
[I2SxCPHT_DIVOUT_EN], [I2SxCBCK_SRC_SEL],
[12SxCBCK_DIV], [12SxCBCK_DIVOUT_EN]
[I12SxCMCLK_IO_SEL] 1
@T0 Clock MCLKO Inputl
Generator
e MELKI g\?vt.?cf —{ ]12SxMCLK
[I12SxCMS_SEL] 1
BCK(Master) Master/
BCK(Slave) Slave —_]12SxBCK
Switch
LRCK LRCK(Master)
Generator
Circuit LRCK(Slave)
4 — ]12SxLRCK
Selector 1
Transmission Control
Transmission control registers
[2SXTXDMAREQ [I2SxOSTART], [I2SxOBUSY], [I2SxOSTOP], [I2SxOAUDIOSET],
[I2SxOINTSTAT], [12SxOINTMASK], [I2SxOINTCLR], [12SxOMUTE],
INTI2SXO [12SxOEPTRY], [12SxOTX_SSIZE], [I2SxOREGBUSY],
[I12SxOTHRESHOLD], [I2SxOFIFO_STS], [I2SxOMODESET],
INTI2SXERRO [12SxOLMEMO0] to [I2SxOLMEM63]
I12SXTXFIFOTH
DMA Control Circuit/ Transmit Output SDATA(DO)
Interrupt Control Circuit FIFO — Controller (Master/Slave) )DIZSXDO
Reception Control
Reception control registers
12SxRXDMAREQ [I2SxISTART], [12SxIBUSY], [I2SxISTOP], [I2SxIAUDIOSET],
[I2SxIINTSTAT], [I2SxIINTMASK], [I2SxIINTCLR], [I2SxIMUTE],
INTI2SxI [I2SxIEPTRY], [12SxITX_SSIZE], [12SxIREGBUSY], [I2SxITHRESHOLD],
[12SxIFIFO_STS], [I2SxIMODESET], [I2SxILMEMO0] to [I2SxILMEM63]
INTI2SXERRI
I12SxRXFIFOTH
DMA Control Circuit/ Receive Input SDATA(DI)
Interrupt Control Circuit FIFO [ Controller (Master/Slave) i2$xDI
Figure 2.1 Configuration chart of 12Sx interface

11772
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Table 2.1 List of signals
No. Signal symbol Signal name /0 Reference manual
"Clock Control and
1 | ®TO System clock Input Operation Mode"
: "Product Information",
2 | 12SxBCK Bit clock Input/Output "Input/Output Ports"
"Product Information”,
3 | I2SxLRCK LR clock (LRCK) Input/Output "Input/Output Ports"
. . "Product Information”,
4 [ 12SxDlI Audio input serial data Input "Input/Output Ports"
. . "Product Information”,
5 |12SxDO Audio output serial data Output "Input/Output Ports"
"Product Information",
6 |I12SxMCLK External master clock Input/Output "Input/Output Ports"
7 | INTI2SxSO Transm|33|on data transfer request Output "Exception”
interrupt
8 | INTI2SxSOERR Transmission error interrupt Output "Exception”
9 | INTI2SxSI Receptlon data transfer request Output "Exception”
interrupt
10 | INTI2SxSIERR Reception error interrupt Output "Exception”
11 | I2SXxTXDMAREQ Transmission DMA request Output "Product Information"
12 | I2SxRXDMAREQ Reception DMA request Output "Product Information"
13 | 1I2SXTXFIFOTH Transmit FIFO threshold value signal Output "Product Information"
14 | 1I2SxRXFIFOTH Receive FIFO threshold value signal Output "Product Information"

12772
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3. Function and Operation

3.1. Clock Supply

When the 12Sx is used, the corresponding clock enable bits should be set to "1" (Clock supply) in fsys supply stop
register A (/CGFSYSENA] and [CGFSYSMENAY]), fsys supply stop register B (/CGFSYSENB] and
[CGFSYSMENB]J), fsys supply stop register C (/CGFSYSMENC]), and fc supply stop register (/CGFCEN]).

The corresponding registers and the bit locations depend on a product. Some products do not have all registers. For
the details, refer to "Clock Control and Operation Mode" in the Reference manual.

3.2. Audio Signal

The interface of each I12S channel consists of the BCK, the LRCK, and the SDATA (DI/DO).
The sampling frequency (fs) is determined by the frequency of the LRCK. And the bit count (Frame size) of the data
which can be stored in one audio data is determined by the frequency of the BCK.

The frequency of the BCK is an integral multiple of the frequency of the LRCK. When the integer is 32, the
frequency of the BCK is represented as 32fs, and when, 64, it is done as 64fs.

3.3. Master/Slave

When [I2SxCMS_SEL]<SEL> is cleared to "0", the 12Sx operates as a master device.
When [I2SxCMS_SEL]<SEL> is set to "1" (Default value), the I2Sx operates as a slave device.

When [I2SxCMS _SEL]<SEL> is "1", the transmission control circuit and the reception control circuit transfer

audio serial data using the synchronization clock (BCK/LRCK) which is supplied by an external source.

When the audio serial transfer is done using an internally generated clock, [I2SxCMS _SELJ<SEL> is cleared to "0".
The setting value of [I2SxCMS_SELJ<SEL> is used as the output enable signal of the 2SxBCK/ I2SxLLRCK pin.

BCK

LRCK

Master Slave
SDATA (DO

SDATA (DI)

Figure 3.1 Example of connection between Master and Slave

The BCK and the LRCK are supplied by the master device.
The SDATA (DI/DO) has two directions; data is transmitted by the Master and received by the Slave, and
transmitted by the Slave and received by the Master.
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3.4. Clock Generation

[I2SXCPHT_DIV]
[I2SxCPHT_DIVOUT_EN]

}

Master Clock Generator Circuit

[I2SxCMCLK_IO_SEL] —————————————————

H—{ ] 128xmcLK

} 12SxBCK

} 12SXxLRCK

®TO MCLKO =
MCLKI| Output
Switch
BCK Generator Circuit (Note) BCK(Master)
[12SxCBCK_SRC_SEL] [12SxCBCK_DIV] LRCK LRCK(Master)
[12SxCBCK_DIVOUT_EN] Generator LRCK(Slave)
Circuit
[12SxCSTART]
[12SxCSTOP]
[12SxCBUSY] [12SxCAUDIOSET] [12SxCMS_SEL]
[12SxCREGBUSY] [12SxCMODESET]

Note: When the clock selected by [I2SxCBCK_SRC _SELJ<SEL> is the MCLKI (External clock), the BCK generator is
selectable 1/2 to 1/255 division ratio. When the clock is the MCLKO (Internal clock), set the BCK generator to 1/1

division ratio.

Figure 3.2 12Sx clock control

3.4.1. Master Clock

The master clock generator generates the internal master clock (MCLKO) by dividing the @TO clock into 1/2 to

1/255.

The division ratio of the ®TO is set in /I2SxCPHT _DIV]<PSCAL[7:0]>, and the output of the master clock
generator is enabled by setting "1" to [I2SxCPHT _DIVOUT_ENJ<EN>.
When [I2SxCPHT DIVOUT ENJ<EN>is "1", do not change a setting value of /I2SxCPHT DIV]<PSCAL[7:0]>.
If the division ratio in the master clock generator is odd, the duty of the generated clock is not 50 %. When the duty
of 50 % is required, the division ratio should be set to an even value.

14772

2020-11-16
Rev. 1.0



TOSHIBA

TXZ+ Family
I12S Interface

3.4.2. Bit Clock (BCK)

When the 12Sx operates as a master device (/I2SxCMS_SELJ<SEL> = 0), the bit clock generator generates the
BCK by dividing the master clock.

The master clock is selected between the MCLKO (Internal clock) and the MCLKI (External clock).

The selection of the master clock is done by /[I2SxCBCK_SRC_SELJ<SEL>, and the division ratio is set in
[12SxCBCK_DIV]<PSCAL[7:0]>.

When [I2SxCBCK_SRC_SELJ<SEL> is "0" (External clock), [I2SxCBCK_DIV]<PSCAL[7:0]> is set to "0x01" to
"0xFE" (1/2 to 1/255 division).When [I2SxCBCK_SRC SELJ<SEL> is "1" (Internal clock),
[12SxCBCK_DIV]<PSCAL[7:0]> is set to "0x00" (1/1 division).

The output of the bit clock generator is enabled by setting "1" to /I2SxCBCK_DIVOUT EN]<EN>.
When [I12SxCBCK_DIVOUT _ENJ<EN>is "1", do not change [I2SxCBCK_SRC SEL|<SEL> and
[12SxCBCK_DIV]<PSCAL[7:0]>.

If the division ratio in the BCK generator is odd, the duty of the generated clock is not 50 %. When the duty of 50 %
is required, the division ratio should be set to an even value. The setting example of the BCK is refer to "Table 3.1".

Table 3.1 Setting example for BCK (Duty 50%) in Master device ([I2SxCMS_SEL]<SEL> = 0)

[I12SxCMCLK_ | [I12SxCBCK_ [12SxCPHT _ [12SxCBCK_ MCLKI oTO BCK
10_SEL] SRC_SEL] DIV] DIV] frequency frequency frequency
<SEL> <SEL> <PSCAL[7:0]> <PSCAL[7:0]> (MHz) (MHz) (MHz)
0 0 - 0x01 (1/2 division) 1.536 - 0.768
0 0 - 0x03 (1/4 division) 3.072 - 0.768
0 0 - 0x01 (1/2 division) 3.072 - 1.536
0 0 - 0x03 (1/4 division) 6.144 - 1.536
0 0 - 0x01 (1/2 division) 6.144 - 3.072
0 0 - 0x03 (1/4 division) 12.288 - 3.072
0 0 - 0x01 (1/2 division) 12.288 - 6.144
0 0 - 0x03 (1/4 division) 24,576 - 6.144
0 0 - 0x01 (1/2 division) 24,576 - 12.288
0 0 - 0x03 (1/4 division) 49.152 - 12.288
- 1 0x03 (1/4 division) | 0x00 (1/1 division) - 3.072 0.768
- 1 0x07 (1/8 division) | 0x00 (1/1 division) - 6.144 0.768
- 1 0x03 (1/4 division) | 0x00 (1/1 division) - 6.144 1.536
- 1 0xOF (1/16 division) | 0x00 (1/1 division) - 24.576 1.536
- 1 0x07 (1/8 division) | 0x00 (1/1 division) - 24.576 3.072
- 1 0xOF (1/16 division) | 0x00 (1/1 division) - 49.152 3.072
- 1 0x03 (1/4 division) | 0x00 (1/1 division) - 24.576 6.144
- 1 0x07 (1/8 division) | 0x00 (1/1 division) - 49.152 6.144
- 1 0x03 (1/4 division) | 0x00 (1/1 division) - 49.152 12.288
- 1 0xOF (1/16 division) | 0x00 (1/1 division) - 196.608 12.288
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3.4.3. LR Clock (LRCK)

When the 12Sx operates as a master device (/I2SxCMS_SELJ<SEL> = 0), the LRCK generator generates the
LRCK.

The cycle count per channel of the sampling data is set by the BCK and the [I2SxCAUDIOSET|<SCLKtoWS>
value which are supplied to the LRCK generator.

The LRCK is generated by the setting "1" to [I2SxCSTART]<Start> after [I2SxCAUDIOSET] <SCLKtoWS>,
<WordLen[5:0]>, and [I2SxCMODESET] <WS[2:0]> have been set.

The output timing of the LRCK is set to [I2SxCAUDIOSET|<Edge>.

The Low level of the LRCK corresponds to the L channel, and the High level, the R channel. The sampling
frequency (fs) is determined by the LRCK frequency. The SDATA (DO/DI) is output or input synchronously with
the BCK/LRCK.

3.5. Audio Data Format

The 12Sx supports the following audio data formats.

When the data length is not enough using the BCK frequency, it supports "left justification" in which the valid data
is output first and "0" dummy data follows, and "MSB-first" which outputs the data from MSB. If "right
justification" and "LSB-first" are necessary, software should perform them.

e 28 stereo
e LR stereo
e PCM monaural

The 128 stereo format assigns each phase of the LRCK to the L channel and the R channel, respectively. An offset
of one bit clock cycle is inserted at the beginning of the data.

sox LI }m—uﬂ)ﬂﬂﬁ}rjﬁ)ﬂjjjﬂm%fﬂﬁﬂﬂkjﬂﬁmﬂm
LRCK ‘L channel‘ ] R CeranneI //
o CDDC::{ ?C( ferrm || ol o) (| ] ——
T wEem TRigaroaa | |
jé" LeFT DATA RIGHT DATA
f" P LEFF DATA ot RIGHT DATA
o OO D ] GIGIES &
3 LEFT DATA RIGHT DATA T
Figure 3.3 Example of 12S stereo format (Stereo 64fs)
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The LR stereo format assigns each phase of the LRCK to the L channel and the R channel, respectively. It does not
have any offsets as the "Figure 3.3".

BCK ‘y ‘ ‘)Ff
LRCK 1/
SDATA 4
(8 bits) R6 ! Rl
RIGHT DATA
SDATA A —
(16 bits) Rl : : H
RIGHT DATA
SDATA i
(24 bits) Raajl )
RIGHT DATA
SDATA A A
(32 bits) ] ] ' ] ! ] Rso: '
LEFT DATA i ; ; RIGHT DATA

Figure 3.4 Example of LR stereo format (Stereo 64fs)

The PCM monaural format uses the LRCK as an enable signal to start the data. It does not distinguish the L channel

it it
iy T

1

(Do) /

4--3

BCK

LRCK

SDATA
(8 bits)

SDATA
(16 bits)

} ) e
|

SDATA
(24 bits)

SDATA
(32 bits)

LEFT DATA

Figure 3.5 Example of PCM monaural format (Monaural 32fs)
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3.5.1. Selection of Audio Data Format

The audio data format is set in [I2SxCMODESET]<WS[2:0]>, [I2SxIMODESET|<WS[2:0]>, and
[12SxOMODESET|<WS[2:0]>.

The frequency of the BCK is an integral multiple of the frequency of the LRCK. When the BCK frequency is 32
times the LRCK frequency, the frequency of BCK is written as 32fs, and when, 64 times is written as 64fs.

For the 128 stereo format and the LR stereo format, the BCK frequency can be selected between 32fs and 64fs. For
the PCM monaural format, the BCK frequency can be selected between 16fs and 32fs. The setting of the sampling
frequency (fs) is shown in Table 3.5.

Table 3.2 Register setting of Audio format

BCK [12SxCMODESET]<WS[2:0]>

Audio format frequenc [12SxIMODESET]<WS[2:0]>

UeNcy | 12SxOMODESET]<WS[2:0]>
12S stereo 000
LR stereo (Low level of LRCK is for L channel.) 32fs/64fs 010
LR stereo (High level of LRCK is for L channel.) 011
PCM monaural (Synchronized with Low of LRCK.) 100

16fs/32fs

PCM monaural (Synchronized with High of LRCK.) 101

3.5.2. Setting of Frame Size of SDATA (DI/DO)

A frame size means a BCK cycle count per audio channel.

For the 12S stereo format and the LR stereo format, a 1-frame-period is a half of a 1-sampling-cycle because 1
sampling data consists of 2 channels (L channel and R channel).

For the PCM monaural format, a 1-frame-period is a 1-sampling-cycle.

The frame size of the SDATA (DI/DO) should be set to 16 cycles or 32 cycles in
[12SxCAUDIOSET|<SCLKtoWS>, [I2SxIAUDIOSET|<SCLKtoWS>, and [I2SxOAUDIOSET|<SCLKtoWS>.

BCK

LR Stereo LRCK

SDATA
PCM LRCK
Monaural
SDATA

1§framé/Sar+1plin§ cyclé

Figure 3.6 Example of Frame size (for 16 cycles)
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3.5.3. Data Length

For the I2S stereo and the LR stereo formats, the data length means the bit count of the SDATA per sampling of
each of the L and R channel. For the PCM monaural format, it means the bit count of the SDATA per sampling.
The data length can be selected from among 8, 16, 24, and 32 bits for the I12S stereo, the LR stereo, and the PCM
monaural formats, using [I2SxCAUDIOSET[<WordLen[5:0]>, [I2SxIAUDIOSET]<WordLen[5:0]>, and
[128xOAUDIOSET]<WordLen[5:0]>.

BCK
12S
LRCK
Stereo
SDATA ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ | ‘ ‘ ) ] ‘
g e R | s A
(MSB) i LEFT DATA | : : : (LSB): (MSB : RIGHT DATA ; ; (LSB)
LR %ﬁi*iiiuch‘mlmiimw*\\wi*im
Stereo LRCK : : L . . . . : T — . . | : : : R channel : : : : : :
spATA  (D@D(Lis L Lis)Liz)(LiT)(Lio/ [ 312 LI Y Lo (RIS RI4(RI3 RIZ(RIT(RIY [R3 Rz (R (RO TDEDED
g Dy A g
‘ (LSBYMSB) | |  RIGHTDATA | (LSB)
PCM \\ : :
RCK
Monaural i :
SDATA
BCK J_q ERERERERERERERE RN
StI:rseo LRCK : Rc:hanm:al
SDATA ‘ RTJ(R6 (Rs (R4 (3 R R ROEDED
(ms8) i LEFT DATA T T (sB)msE) TRGHTDATA T s
Stl;l;\;o LRCK L:chan:nel ‘ Rt;hann;el
SDATA (R& ) (R7(R6 R (R J(R3 (Re R ROCDICDETD
"é]éﬁfﬁif&" B -
PCM LRCK
Monaural
SDATA

Figure 3.8 Audio formats for 32-bit data length (for Stereo 64fs/Monaural 32fs)
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Table 3.3 shows examples of the setting of each audio format.
Table 3.3 Register setting examples of Audio format
[12SxCMODESET] [12SxCAUDIOSET] [12SxCAUDIOSET]
) BCK Data [12SxIMODESET] [12SxIAUDIOSET] [12SxIAUDIOSET]
FUEIEREL | 'e:;;:th [I2SxOMODESET] | [I12SxOAUDIOSET] |  [I2SxOAUDIOSET]
1
[bit] <WS[2:0]> <SCLKtoWS> <WordLen[5:0]>
8 001000
32fs 0
16 010000
8 001000
12S stereo 000
16 010000
64fs 1
24 011000
32 100000
8 001000
32fs 0
16 010000
8 001000
LR stereo 010
16 010000
64fs 1
24 011000
32 100000
8 001000
16fs 0
16 010000
8 001000
PCM monaural 100
16 010000
32fs 1
24 011000
32 100000
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3.5.4. Clock Edge

The LRCK and the SDATA are synchronous with the rising edge or the falling edge of the BCK.

The output timing of the LRCK from the clock control circuit should be set in [I2SxCAUDIOSET|<Edge>.
The input timings of the LRCK for the transmission control and the reception control should be set in
[125x0OAUDIOSET|<Edge> and [I12SxIAUDIOSET|<Edge>, respectively.

The output timing of the SDATA from the transmission control circuit should be set in
[125x0AUDIOSET]<SDEdge>, and the input timing of the SDATA into the reception control circuit should be set

in [I2SxIAUDIOSET|<SDEdge>.

e Rising edge mode:
The LRCK and the SDATA are latched with the rising edge of the BCK (Reception: Sampling timing).
The LRCK and the SDATA change at the falling edge of the BCK (Transmission: Output timing).

e Falling edge mode:

The LRCK and the SDATA are latched with the falling edge of the BCK. The LRCK and the SDATA
change at the rising edge of the BCK.

Table 3.4 Clock edge setting

Device Mode Clock control Transmission control Reception control
operation [12SxCAUDIOSET] [12SxOAUDIOSET] [12SxIAUDIOSET]
<Edge>=0 <Edge> =1 <Edge> =1
Rising edge <SDEdge>: Setting i
ge>: Setting is _ _
Vaster unnecessary. <SDEdge> =0 <SDEdge> =1
<Edge> =1 <Edge>=0 <Edge>=0
Falling edge <SDEdge>: Setting is <SDEdge> = 1 <SDEdge> = 0
unnecessary. 9 9
- <Edge> =1 <Edge> =1
Rising edge
99 - <SDEdge> =0 <SDEdge> =1
Slave
- <Edge>=0 <Edge>=0
Falling edge
969 - <SDEdge> =1 <SDEdge> =0

The rising edge mode or the falling edge mode should be selected properly according to a connected device.
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Figure 3.9 and Figure 3.10 show the waveforms of the rising edge mode and the falling edge mode, respectively.

|T : Capture timing |

Figure 3.9 Timing of Rising edge mode

|¢ : Capture timing |

Figure 3.10 Timing of Falling edge mode
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3.5.5. Sampling Frequency

The sampling frequency is one cycle of the LRCK for the 125 stereo and the LR stereo formats. And for the PCM

monaural format, it is the cycle time from the SYNC to another SYNC of the LRCK.

Table 3.5 shows examples of the sampling frequency and the register setting.
For the frequency setting of the output master clock, refer to Table 3.1.

Table 3.5 Setting examples of Sampling frequency

Sampling frequency BCK frequency [12SxIAUDIOSET]<SCLKtoWS> Mf?:tel:'e(:‘lzck
(kHz) (Stereo/Monaural) | [I2SxOAUDIOSET]<SCLKtoWS> (:'AHZ) y
48 32fs/16fs 0 (16 cycles) 0.768
96 32fs/16fs 0 (16 cycles) 1.536
192 32fs/16fs 0 (16 cycles) 3.072
48 64fs/32fs 1 (32 cycles) 1.536
96 64fs/32fs 1 (32 cycles) 3.072
192 64fs/32fs 1 (32 cycles) 6.144
BCK

LR Stereo LRCK \ Lc:hanm:al

SDATA
PCM LRCK
Monaural
SDATA

f : Capture timing

Figure 3.11

Example of Sampling cycle at <SCLKtoWS> =0
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3.6. Reception Buffer and Transmission Buffer

The reception data and the transmission data are stored in the reception buffer and the transmission buffer,
respectively.

The reception buffer consists of a shift register, a receive FIFO, and reception data registers (/I2SxILMEM00] to
[12SXxILMEMG63]).

The transmission buffer consists of a transmission shift register, a transmit FIFO, and transmission data registers
(/I2SxOLMEMO00] to [I12SxOLMEMG63]).

Both the receive FIFO and the transmit FIFO have 64 stages.
The width of one entry in the FIFO is 32 bits. One write access to the reception data register or the transmission data

register writes data to one entry of the FIFO. And one read access to the register reads one entry of the FIFO.
Therefore, 8-bit unit and 16-bit unit accesses cannot be done.

SDATA(DI) SDATA(DO)
(Master/Slave) (Master/Slave)
[2SxDI ——— > Reception Shift Register Transmission Shift Register ——— > 12SxDO

Receive FIFO Stage 1 Transmit FIFO Stage 1

Receive FIFO Stage 2 Transmit FIFO Stage 2
: Receive FIFO Stage 3 Transmit FIFO Stage 3 :
| |
|
i Receive FIFO  Stage 4 Transmit FIFO  Stage 4 |
| |
l o o o\ S

Receive FIFO Stage 63

Receive FIFO Stage 64

L

Reception Data Register
[12SxILMEMO0]

Transmit FIFO Stage 63

Transmit FIFO Stage 64

17

Transmission Data Register
[12SxOLMEMO0]

Figure 3.12 Configuration of Reception buffer and Transmission buffer
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3.6.1. Receive FIFO

When all bits (1 frame) of the input data from the I2SxDI pin are stored into the reception shift register, the data is
transferred to the receive FIFO. The reception write pointer moves to indicate the next stage. When the receive
FIFO is read, the receive read pointer moves to indicate the next stage. The data in the receive FIFO can be read
from the reception data registers (/I2ZSxILMEMO00] to [12SxILMEMG63]).

During data reception, a read from any one of the reception data registers (/I2SxILMEMO00] to [I2SxILMEM63])
obtains the data in the start stage of the FIFO.

Read address

Receive FIFO

0x500 [12SXILMEMO0] |« < —
0x504 [12SXILMEMO1] € < X
0x508 [12SxILMEM02] [« < I
0x50C [12SXILMEMO3]  |< I
I
< 32-bit data |« :
| Ring buffer
0x5F0 [I2SXILMEM60] |« |
0x5F4 [12SxILMEM61] [« < |
0x5F8 [12SXILMEM62] |« <
OX5FC | [12SxILMEM63] |€ T < U
Select the start
address of data
Figure 3.13 Access of Receive FIFO
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3.6.2. Transmit FIFO

When data is written to the transmission shift register, it is stored to the transmit FIFO. The transmission write
pointer moves to indicate the next stage. When data transmission is enabled, the transmission data is transferred
from the transmit FIFO to the corresponding transmission data registers (/I2SxOLMEM00] to [I12SxOILMEMG63]),
and eventually, is output on the 12SxDO pin.

The stored data count of the transmit FIFO can be checked with [I2SxOFIFO_STS]/<FIFOStatus[6:0]>.

When [I2SxOSTART]<SpkStart> is set to "1", the interrupt which notifies that the FIFO is empty is issued as well
as a DMA request.

During data transmission, even when any one of the transmission data registers (/I2SxOLMEM00] to
[12SxOILMEMG63]) is written, the data is stored at the stage next to the last in the FIFO. Therefore, continuous
writes to one register, [I2SxOLMEMO00], for example, and sequential writes from /I12SxOLMEM00] to
[12SxOLMEM63] result in the same.

Write address Transmit FIFO

0x700 | [I2SxOLMEMO00]
0x704 | [I2SxOLMEMO01]
0x708 | [I2SxOLMEMO02]
0x70C | [I2SxOLMEMO03]

Y VY

32-bit data

A
|
|
|
|
|
!
|
|

Ring buffer
Ox7F0 | [I2SxOLMEMG60]
Ox7F4 | [12SxOLMEMG61] >
Ox7F8 | [I2SxOLMEM62] >
Ox7FC | [I2SxOLMEM®63] > U
Select the
address next to
the last data
Figure 3.14 Access of Transmit FIFO
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3.6.3. Transmission Start Threshold Value ([I2SxOTX_SSIZE])

The 12Sx has a function that starts serial transfer after a specified count of data are written to the transmit FIFO.
Only the transmission circuit supports the function. The transmit FIFO is empty at first and data is stored to the
transmit FIFO. When the count of the stored data exceed the specified value, the serial transfer can start
automatically. Owing to this function, an underrun error may hardly occur because a specified amount of data are in
the FIFO before the serial transfer starts.

The transmission of the SDATA starts after the stored data count exceeds the specified value in the buffer. This
setting affects the first data output after [I2SxOSTART]<SpkStart> is set to "1".

When the access to the transmit FIFO is completed and the entry count in the transmit FIFO becomes the value in
[128x0TX SSIZE]<TxStartSize> or more, the data transmission starts with the next frame (LR frame).

LRCK )\ 7/ \ /
SDATA O CO0O0CO0COCOCOOOOOOCOOODOOOO0COCOCO0OOCoCOoOoooooooen
st H st
[125x0TX_SSIZE] Left Data(1%' frame) Right Data (1% frame)
<TxStartSize> 8
FIFO entry 7 X 8 X 7 X 6

Figure 3.15 Data transfer at [I2SxOTX_SSIZE]<TxStartSize> =8

3.6.4. Data storage format

The transmission data registers (/I2SxOLMEM00] to [I2SxOLMEM63]) and the reception data registers
([12SxILMEMO00] to [I2SxILMEM63]) are accessed with the units of 32 bits. If the SDATA (DI/DO) length is less
than 32 bits, a data storage format can be selected for the data registers.

The data length should be set to [I2SxIAUDIOSET]<WordLen[5:0]> for reception and to

[128SxOAUDIOSET]<WordLen[5:0]> for transmission.
The data storage format type should be set to [I2SxIAUDIOSET]<DTFmt> for reception and to

[128x0OAUDIOSET]<DTFmt> for transmission.
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Table 3.6 Setting of Data storage format

Data length Data storage
setting format setting Data storage format
<WordLen[5:0]> <DTFmt>
32 bits 100000 - <DTFmt> does not affect.
(LSB justification)
Lower 24 bits are valid.
(MSB justification)
Upper 24 bits are valid.
(Lower-first)
0 Output: LSB is output first.
Input: The first input data is stored in the LSB.
(Upper-first)
1 Output: MSB is output first.
Input: The first input data is stored in the MSB.
(Lower-first)
0 Output: LSB is output first.
Input: The first input data is stored in the LSB.
(Upper-first)
1 Output: MSB is output first.
Input: The first input data is stored in the MSB.

Note: If "right justification" and "LSB-first" are necessary, software should perform them.

Data
length

0
24 bits 011000

16 bits 010000

8 bits 001000

MSB LSB
3 0
[12SxILMEM(2n)] / [I2SxOLMEM(2n)] 3"1 Left Data I(;
[12SxILMEM(2n+1)] | [I2SxOLMEM(2n+1)] 3R1 Right Data Ej
BCK ruuduuuiuiiuid Ui Ui iU LI
LRCK \ /
SDATA GEEECEC IR ECEEEE RSN EEEE R EEEEEEEEEEREREDE)
L31 Left Data L0 R31 Right Data RO

Figure 3.16 Data storage format and Audio format for 32-bit data length
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LSB justification MSB LSB
(<DTFmt>=0) 31 24 23 0
[12SxILMEM(2n)] | [I2SxOLMEM(2n)] 2"3 Left Data |6
[12SxILMEM(2n+1)] | [I2SxOLMEM(2n+1)] 2R3 Right Data ';
MSB justification MSB LSH
(<DTFmt>=1) 31 8 7
[12SxILMEM(2n)] | [I2SxOLMEM(2n)] L Left Data L
3 0
[12SxILMEM(2n+1)] | [I2SxOLMEM(2n+1)] |R Right Data R
23 0

BCK

LRCK )\ /
SDATA  (OD0O0O0COCO0OCOCOCOO00o0oon COCOC0000COCoCoCoCoCaeo
L23 Left Data Lo R23 Right Data RO

Figure 3.17 Data storage format and Audio format for 24-bit data length

Lower-first MSB LSB

(<DTFmt>=0) 31 1615 0

[12SxILMEM(xx)] / [12SxOLMEM(xx)] 185 2nd Data (EJ” 1/'; 1st Data g
Upper-first

(<DTFmt>=1) MSB LSB

31 16 15 0

A AlB B

[12SxILMEM(xx)] | [I2SxOLMEM(xx)] 15 1st Data o hs 2nd Data 0

BCK

LRCK T\ /
SDATA - COOC00C00000000QY SEEEEEEEEEREEREE!
A15 1st Data A0 B15 ond Data BO

Figure 3.18 Data storage format and Audio format for 16-bit data length

Lower-first MSB LSB

(<DTFmt>=0) 31 24 23 1615 87 0

D D|C C|B BJA: A

[12SxILMEM(xx)] / [12SxOLMEM(xx)] 7 4th Data ol 3rd Data ol7 2nd Data ol7 1st Data 0
Upper-first

(<DTFmt>=1) MSB LSB

31 24 2 615 8 7 0

[12SXILMEM(xx)] / [I2SxOLMEM(xx)] ¢ 1st Data Q ? 2nd Data g ? 3rd Data oC ? 4th Data 3

BCK

LRCK )\ / \ /
SDATA  (C0CO00CA OCo00cea EEEEEEEE EEEEEEEE!
7 1st Data AD B7 2nd Data BO c7 3rd Data co D7 4th Data Do

Figure 3.19 Data storage format and Audio format for 8-bit data length
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3.6.5. [I2SxITHRESHOLD] and [I2SxOTHRESHOLD] Registers

The data transfer request timing can be set to issue the INTI2SxSI interrupt, the INTI2SxSO interrupt, and the DMA
request. And the notification timing can be set for the data transfer request to the FIR.

(1)

)

Setting of Data transfer request timing
During data reception, when the stored data in the receive FIFO becomes the value of
[I2SxITHRESHOLD]<threshold[4:0]> +1 or more, the INTI2SxSI interrupt and the reception DMA request
are asserted. Then, the CPU or the DMA reads the receive FIFO. In order to generate the next interrupt, the
FIFO should be read [I12SxITHRESHOLD|]<threshold[4:0]> +1 times.
During data transmission, when the empty stage becomes [I2SxOTHRESHOLD]<threshold[4:0]> +1 or more,
the INTI2SxSO interrupt and the transmission DMA request are asserted. Then, the CPU or the DMA writes
the transmit FIFO. In order to generate the next interrupt, the FIFO should be written
[12SxITHRESHOLD|<threshold[4:0]> +1 times.

Setting of Notification timing to the FIR

When the receive FIFO stores the data of the [I2SxITHRESHOLD]<threshold[4:0]>+1 or more, or the
transmit FIFO has the empty stages of the /[I2SxOTHRESHOLDJ[<threshold[4:0]>+1 or more, the FIR is
notified of proper information.
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3.7. Interrupt

The reception interrupts are the INTI2SXSIERR interrupt and the INTI2SxSI interrupt. The transmission interrupts
are the INTI2SxSOERR interrupt and the INTI2SxSO interrupt.

The factors of the INTI2SXSIERR interrupt and the INTI2SxSOERR interrupt are an LRCK error, an underrun error,
and an overrun error.

The factor of the INTI2SxSI interrupt and the INTI2SxSO interrupt is a data transfer request. The data transfer
request also causes to generate the DMA request (I2SxRXDMAREQ and I2SxTXDMAREQ) to the DMAC. It is
necessary to mask one of the transmission/reception data completion interrupt and the transmission/reception DMA
request.

LRCK error notification
LRCK Error Set . [IZSX”NTIV’ASK]
RX > <LRErrMask>
[I12SxIINTSTAT]
controller [I2SxIINTCLR] Clear <LRCKE > 4@7
<LREmrClIr>
Underrun error notification
Underrun Error Set [IZSXZTJEMM':]‘:Q
[I12SxIINTSTAT]
[I2SXIINTCLR] Clear <UREm> INTI2SXSIERR
<URCIr> (Error interrupt)
—
Overrun error notification [12SxIINTMASK]
Overrun Error Set <ORMask>
Receive [I2SxIINTSTAT]
FIFO Clear <ORErr>
[I2SXIINTCLR] ———————————»
<ORClIr>
Data transfer request INTI2SxS|
q Set [12SxIINTMASK] (Data transfer
Data request <Mask> request interrupt)
[12SxIINTSTAT] & P
[f2SxINTCLR] e <Int> >
<IntClr>
Figure 3.20 Reception interrupt control
LRCK error notification
LROK Error Set [12SxOINTMASK]
X pl | <LREmMask>
| [12SxOINTSTAT] |
controller [I2SxOINTCLR] Clear | = <LRCKEm> | —9
<LREnCIr> —7—— > _ _ h
Underrun error notification
Underrun Error Set W T T T T T T | [IZSxOLI:IJEMMg.:{((!
"I [12SxOINTSTAT] |
[12SxOINTCLR] Clear | =~ <UREm> | — € INTI2SXSOERR
(Error interrupt)
<UrRCIr> T = b
Overrun error notification [12SxOINTMASK]
Overrun Error Set JTTTTTT T <ORMask>
Transmit "1 [12SxOINTSTAT] |
FIFO Clear | <ORErr> I ®
[12SXOINTCLR] ————————» )
<ORCIr>
Data transfer request INTI2SXxSO
Data request Set [——————— - [IZSxOINTllll\IAASIi(] (Data t:a_ntsfer t
». <
r: [12SxOINTSTAT] | ask> request interrupt)
—( N\
[12SxOINTCLR] Clear <Int> I ) >
<IntCl> === !

Figure 3.21 Transmission interrupt control
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When an interrupt factor is detected, the corresponding bit is set to "1" in the [I2SxIINTSTAT] and the
[12SxOINTSTAT] registers.
When proper bits in the [I2SXIINTMASK] and [I12SxOINTMASK] registers are set to "1", the corresponding
interrupt is masked and is not generated. Even though the mask is set, the occurrence of the factor can be checked in
the [I2SxIINTSTAT] and the [I2SxOINTSTAT] registers.
The interrupt factor in the [I2SXIINTSTAT] and [I2SxOINTSTAT] can be cleared by setting "1" to the

corresponding bits in the /[I2SxIINTCLR] and [I12SxOINTCLR] registers.

Table 3.7 Interrupt factor and register
Module e Szl Interrupt Interru;.wt status Interrupt f.actor Interru!)t mask
factor reglster clear reglster reglster
Data transfer [12SxIINTSTAT] [12SxIINTCLR] [12SxIINTMASK]
INTI2SxSI
request <Int> <IntClr> <Mask>
' FIFO overrun [12SxIINTSTAT] [12SxIINTCLR] [12SxIINTMASK]
Reception <ORErr> <ORCIr> <ORMask>
control [12SxIINTSTAT] [12SxIINTCLR] [I12SxIINTMASK]
INTI2SXSIERR FIFO underrun <UREr> <URCIr> <URMask>
LRCK error [I12SxIINTSTAT] [12SxIINTCLR] [12SxIINTMASK]
<LRCKErr> <LRErrCIr> <LRErrMask>
Data transfer [12SxOINTSTAT] [I12SxOINTCLR] [12SxOINTMASK]
INTI2SxSO
request <Int> <IntClr> <Mask>
FIFO overrun [I2SxOINTSTAT] [I12SxOINTCLR] [12SxOINTMASK]
Transmission <ORErr> <ORClIr> <ORMask>
control [I12SxOINTSTAT] [I12SxOINTCLR] [12SxOINTMASK]
INTI2SXSOERR | FIFO underrun <URErr> <URCIr> <URMask>
LRCK [12SxOINTSTAT] [12SxOINTCLR] [12SxOINTMASK]
error <LRCKErr> <LRErClr> <LRErrMask>
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3.7.1. INTI2SxSI Interrupt and INTI2SxSO Interrupt

The factor of the INTI2SxSI and INTI2SxSO interrupts is a data transfer request. The data transfer request is
generated when the receive FIFO or the transmit FIFO is ready to transfer data.

The reception control generates the data transfer request when the receive FIFO stores data equal to or more than
[I2SxXITHRESHOLD|<threshold[4:0]> +1, and [I2SxIINTSTAT]<Int> is set to "1". When [I2SxIINTSTAT/<Int>
is "0", the data in the FIFO cannot be read.

The transmission control generates the data transfer request when the transmit FIFO has empty stages equal to or
more than [I2SxOTHRESHOLD|<threshold[4:0]> +1, and [I2SxOINTSTAT]<Int> is set to "1". When
[I12SxOINTSTAT/<Int> is "0", any data cannot be write to the FIFO.

When the data transfer request is cleared, [I2SxIINTCLR] <IntClr> and [I2SxOINTCLR] <IntClr> should be set to
" 1 "‘

When the interrupt status register is set to "1" and the corresponding mask bit is "0", the INTI2SxSI interrupt or the
INTI2SxSO interrupt is generated.

When the data transfer request is used as the factor of the transmission DMAC request and the reception DMAC
request, [I2SxIINTCLR]<IntClr> and [I2SxOINTCLR]<IntClr> should not be set to "1". And the transmission and
reception data transfer request interrupts should be masked. (For the transmission and reception DMA requests,
referto "3.8. DMA".)

3.7.2. INTI2SxSIERR Interrupt and INTI2SxSOERR Interrupt

The factors of the INTI2SXSIERR and the INTI2SxSOERR interrupts are an LRCK error, an underrun error, and an
OVerrun error.

The LRCK error occurs when the change timing of the LRCK signal is different from the setting. When it occurs,
[I2SXIINTSTAT/<LRCKErr> = 1 and [I2SxOINTSTAT|<LRCKErr> = 1 are set. In order to clear the LRCK error,
[I2SxIINTCLR|<LRErrClr> and [I2SxOINTCLR]<LRErrClr> should be set to "1".

The underrun error occurs when data read is done from the FIFO which has no read data. When it occurs,
[I2SXIINTSTAT|<URErr> = 1 and [I2SxOINTSTAT]<URErr> = 1 are set. In order to clear the underrun error,
[I2SXIINTCLR]J<URCIr> and [I2SxOINTCLR]<URCIr> should be set to "1". The error address is stored in the
[12SxOEPTR] register.

The overrun error occurs when data write is done to the FIFO which has no empty entries. When it occurs,
[I2SXIINTSTAT|<ORErr> =1 and [I2SxOINTSTAT|<ORErr> = 1 are set. In order to clear the overrun error,
[I2SXIINTCLR]<ORCIr> and [I2SxOINTCLR]<ORCIr> should be set to "1". The error address is stored in the
[12SxXIEPTR] register.

The factors of the error interrupts can be masked by setting <LRErrMask>, <URMask>, and <ORMask> in the
[I2SXIINTMASK] and [I12SxOINTMASK] registers.

The INTI2SXSIERR interrupt or the INTI2SxSOERR interrupt is generated when one of the LRCK error, the
underrun error, and the overrun error bits in the interrupt status register is "1" and the corresponding bit of the mask
register is "0".
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3.8. DMA Request

The 12Sx transmission control and reception control can reduce CPU load at communication because a transfer
request can be issued directly to the DMAC.

The DMAC accesses the transmit FIFO or the receive FIFO by reading or writing [I2SxILMEM00] to
[12SXILMEM63] / [I2SxOLMEMO00] to [I2SxOLMEMG63] registers.

In the transmission control, the transmission DMA request (I2SxTXDMAREQ) is issued when the transmit FIFO
has the space of N entries or more. In the reception control, the reception DMA request (I2SxRXDMAREQ) is
issued when the receive FIFO has the data of N entries or more. The DMAC receives the transfer request and starts
the access to the FIFO.

The value N is a threshold value of the data transfer request. The value should be set in the [I2SxITHRESHOLD]
or [I2SxOTHRESHOLD] register; N is the setting value +1. For example, [I2SxITHRESHOLD |<threshold[4:0]>
=31 means N = 32(128 bytes).

The cause factor of the DMA request (I2SxXRXDMAREQ or 2SxTXDMAREQ) is a data transfer request. The data
transfer request is a cause factor of the INTI2SxSI and the INTI2SxSO interrupts. When the DMA request
(I2SxRXDMAREQ or [2SxTXDMAREQ) is issued, the INTI2SxSI and the INTI2SxSO interrupts should be
masked using [I2SxIINTMASK] <Mask> and [I2SxOINTMASK]<Mask>.

Data transfer request
Data request Set [TTTTTTTTT Ty [12SxIINTMASK] 12SXRXDMAREQ
Receive 9 > ; <DMACMask>
FIFO "1 [I2SXIINTSTAT] | (DMA request)
f2SxINTCLR] %3 <nt> | 4@ >
<IntClr>
Data transfer request
Data request Set | [12SxOINTMASK] I2SXTXDMARE Q
Transmit 9 > ; <DMACMask>
"1 [I12SxOINTSTAT] | (DMA request)
FIFO Clear | <Int> | 4@ >
[12SxOINTCLR] > w \—/ >
<IntClr> b
Figure 3.22 DMA request
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3.9. FIR Linkage

When the transmit FIFO has the space of N entries or more, or when the receive FIFO has the data of N entries or
more, the FIR is notified. The values N is a threshold value of the data transfer request. It is set to the
[I2SxITHRESHOLD] or [I2SxOTHRESHOLD)] register.

Using the notification from the 12Sx, the FIR can do the link operation with the 12Sx. For the details, refer to "FIR
calculation Circuit" in the Reference manual.

— Transmission
Transmission control
i control
FIR register t
[2SXTXFIFOTH i Output
¢ FIFO —p| Controller
Reception
Reception control register control
Input
128xRXFIFOTH FIFO | | |— Controller
¢

Note: For the connections of each product, refer to "Product Information".
Figure 3.23 Example of connection with FIR

I

LRCK ™)\ // va / \ / / //
[12SxOTHRESHOLD] \ \ \ \\
<threshold[4:0]>

g

|
—1 1
—
—1
—

FIFO Space amount 15

X
I2SXTXFIFOTH /-

— | | |

e
—
—

T

—

Figure 3.24 12SxTXFIFOTH issue timing at [I2SxOTHRESHOLD]<threshold[4:0]> = 16 (for
Transmission)
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3.10. Mute Function

3.10.1. Mute by Register Setting

The mute ON and OFF can be switched during operation by writing the mute registers [I2SxIMUTE]<MuteN> and
[12SxOMUTE]<MuteN>.

The mute state is valid at the beginning of the LR channels after the register is set and its internal process is done.
When the mute is set to ON, the data transfer of the transmission or the reception continues, but the data is forcibly

converted to "0".

LRCK(stereo)
LRCK(monaural) (

[12SxIMUTE]<MuteN>
and
[12SxOMUTE]<MuteN>
setting

Next output data

SDATA(DO)

LRCK(stereo)
LRCK(monaural) (

[12SxIMUTE]<MuteN>
and
[12SxOMUTE]<MuteN>
setting

Next output data

SDATA(DO)

Mute OFF Mute ON

X

<MuteN>=0

|| | ]
|

|

T

[
(Do X D1 X D2 )I(\ D3
| | A7

X DO X D1 ) 0

11t

Figure 3.25 Mute setting (OFF to ON)

|| || || || )
( : Mute ON : X | Mute OFF : )

: : <MuteN>=1 : :
(DO )I( D1 )I( D2 )I(\ D3 )I( D4 )

| | ¥ |

| 0 | 0 ( D3 X D4 )

Figure 3.26 Mute setting (ON to OFF)

3.10.2. Forced Mute at Underrun

When a buffer underrun occurs, the next channel data and the subsequent data are forced to be "0". For the details of
the process for the underrun occurrence, refer to "5.1.4.1. Overrun Error or Underrun Error Interrupt Occurrence".

LRCK(stereo) | | |
LRCK(monaural) ( |_| |_| |_| |_| )
Next output data (Do X D1 X X X N
Underrun occurs &
SDATA(DO) C X DO X D1 ) 0 0
Figure 3.27 Forced mute
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4. Registers

4.1. List of Registers

The control registers and their addresses are shown in the following table.

Base address

(1)

Function channel/unit
Type1 Type2 Type3
I2S interface 12S cho - 0x400D0000 -
ch1 - 0x400D0800 -

Note: The base address type are different by products. For the details, refer to "Product Information" in the

Reference manual.

Clock control registers

Register Name

Address (Base+)

LRCK Generating Start Register [12SxCSTART] 0x0004
LRCK Generating Status Register [125xCBUSY] 0x0008
LRCK Generation Stop Register [12SxCSTOP] 0x000C
AUDIOSET Register [12SxCAUDIOSET] 0x0010
REGBUSY Register [12SxCREGBUSY] 0x0040
Audio Data Format Setting Register [12SxCMODESET] 0x00F8
Master / Slave Select Register [12SxCMS_SEL] 0x0200
MCLK pin Input/Output select Register [12SxCMCLK_IO_SEL] 0x0204
@TO Dividing Setting Register [12SxCPHT_DIV] 0x0214
@TO Dividing Clock Output Enable Register [12SxCPHT_DIVOUT_EN] 0x0218
BCK Source Clock Select Register [12SxCBCK_SRC_SEL] 0x0220
BCK Dividing Setting Register [12SxCBCK_DIV] 0x0224
BCK Output Enable Register [12SxCBCK_DIVOUT_EN] 0x0228

37172

2020-11-16
Rev. 1.0



TOSHIBA

TXZ+ Family
I12S Interface

(2) Reception Control Registers
Register Name Address (Base+)

Reception Control Start Register [12SxISTART] 0x0404
Reception Operation Status Register [12SxIBUSY] 0x0408
Stopping Reception Data Register [12SxISTOP] 0x040C
Reception AUDIOSET Register [12SxIAUDIOSET] 0x0410
Eecgptlon Control Interrupt Source Status [12SXIINTSTAT] 0x0414

egister
Reception Control Interrupt Mask Register [12SxIINTMASK] 0x0418
Eecgptlon Control Interrupt source Clear [12SxIINTCLR] 0x041C

egister
Reception Mute Setting Register [12SxIMUTE] 0x0424
Reception Qontrol Error Occurrence Pointer [12SXIEPTR] 0x0428
Stored Register
Reception REGBUSY Register [12SxIREGBUSY] 0x0440
Reception Threshold Setting Register [12SxITHRESHOLD] 0x0450
Reception FIFO Status Register [12SxIFIFO_STS] 0x0454
Reception Audio Data Format Setting Register [12SxIMODESET] 0x04F8

. . [12SxILMEMO00] to
Reception Data Register 00 to 63 [12SxILMEM63] 0x0500 to 0x05FC
(3) Transmission Control Registers
Register Name Address (Base+)

Transmission Control Start Register [12SxOSTART] 0x0604
Transmission Operation Status Register [12SxOBUSY] 0x0608
Stopping Transmission Data Register [12SxOSTOP] 0x060C
Transmission AUDIOSET Register [12SxOAUDIOSET] 0x0610
Traqsmission Control Interrupt Source Status [12SXOINTSTAT] 0x0614
Register
Transmission Control Interrupt Mask Register [12SxOINTMASK] 0x0618
;raqsmssmn Control Interrupt Source Clear [12SxOINTCLR] 0X061C

egister
Transmission Mute Setting Register [12SxOMUTE] 0x0624
Transmissiqn Control Error Occurrence Pointer [12SxOEPTR] 0x0628
Stored Register
TX_SSIZE Register [12SxOTX_SSIZE] 0x0630
Transmission REGBUSY Register [12SxOREGBUSY] 0x0640
Transmission Threshold Setting Register [12SxOTHRESHOLD] 0x0650
Transmission FIFO Status Register [12SxOFIFO_STS] 0x0654
;raqsmlssmn Audio Data Format Setting [12SxOMODESET] OXO6F8

egister

L . [12SxOLMEMO00] to
Transmission Data Register 00 to 63 [12SxOLMEM63] 0x0700 to Ox07FC
"x" is Channel number.
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4.2. Details of Clock Control Registers

4.2.1. [I2SxCSTART] (LRCK Generating Start Register)

. . After .
Bit | Bit Symbol Reset Type Function
31:9 - 0 R Read as "0".
8 Start 0 R/W | LRCK generating start setting
0: Ignored
1: LRCK generating start.
When setting the <Start> to "1", the LRCK generating start.
When the [I2SxCBUSY]<Busy> is "0", writing "1" in this bit is valid.
71 - 0 R Read as "0".
0 - 0 R/W | Write as "0".

Notel: When restart the transfer after transmission / reception stop, set <Start>to "1", after reading
[12SxCSTOP] and confirming that the stop processing is completed (/I2SxCSTOP|<I2S_STOP> = 0).

Note2: Confirm that the [I2SxCREGBUSY] is "0x00000000", before setting "1" to the <Start> bit.
Note3: Continuous access to the [I2SxCSTART] is prohibit. It is ignored even if it sets the [I2SxCSTART].

4.2.2. [I2SxCBUSY] (LRCK Generating Status Register)

Bit | Bit Symbol RA:::t Type Function
31:18 - 0 R |Readas"0".
17 - 0 R |Readas"0".
16 - 0 R Read as "0".
15:9 - 0 R Read as "0".

Status of LRCK generating operation
8 Busy 0 R 0: Stop
1: Operating
7:2 - 0 Read as "0".
1 - 0 Read as "0".
0 - 0 Read as "0".
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4.2.3. [I2SxCSTOP] (LRCK Generation Stop Register)

After

Bit | Bit Symbol Reset Type Function
31:1 - 0 R Read as "0".
0 12S_STOP 0 R Internal process status of stop operation.

0: Stop operation completed
1: Stop operation processing
After setting "1" in <I2S_STOP>, this register returns "1" as a read
data during processing the stop operation. This register returns "0"
as a read data after completion of the stop operation.
W | LRCK generation stop control
0: Ignored
1: Stop the LRCK generation
The LRCK generation can be stopped by writing "1" to this register
and cleared the internal status execpt setting registers and error
interrupt status.
Notel: This register should be written "1" during the LRCK generation - when [I12SxCBUSY/<Busy> is
"1 Il.
Note2: After setting <I2S_STOP> to "1", don't set <I2S_STOP> to "1" again during the stop processing
operation. When set to "1", setting is ignored.
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4.2.4. [I2SxCAUDIOSET] (AUDIOSET Register)

After

[5:0]

Bit | Bit Symbol Reset Type Function
31:17 - 0 R Read as "0".
16 - 0 R/W | Write as "0".
15:13 - 0 R Read as "0".
12 - 0 R/W | Write as "0".
11 Edge 0 R/W | LRCK sampling edge
0: The BCK falling edge.
1: The BCK rising edge.
For settings, refer to Table 3.4.
10:9 - R [Read as"0".
8 SCLKtoWS R/W | Frame size of the SDATA
0: 16 cycles
1: 32 cycles
A frame size means a BCK cycle count per audio channel.
For the PCM monaural format, a 1-frame-period is a
1-sampling-cycle.
For the 12S stereo format and the LR stereo format, a 1-frame
-period is a half of a 1-sampling-cycle because one sampling-data
consists of two channels (Left and Right).
The word length specified by <WordLen[5:0]> cannot exceed this
frame size.
7:6 - 0 R |Read as "0".
5:0 WordLen 000000 | RW ([Word length

Specify number of the Audio data bits
100000: 32 bits
011000: 24 bits
010000: 16 bits
001000: 8 bits
Others: Reserved

Note: This register should not be written continuously, when [/I2SxCREGBUSY] is not "0x00000000".

41172 2020-11-16

Rev. 1.0



TOSHIBA

TXZ+ Family
12S Interface
4.2.5. [I2SxCREGBUSY] (REGBUSY Register)
. . After .
Bit | Bit Symbol Reset Type Function
31:20 - 0 R |Read as "0".
19 MODESET 0 R Internal pending status of [I2SxCMODESET] register update.
Pend 0: Not busy
1: Pending
18 - 0 Read as "0".
17 - Read as "0".
16 | AUDIOSET R Internal pending status of [I2SxCAUDIOSET] register update.
Pend 0: Not busy
1: Pending
15:4 - R Read as "0".
3 MODESET R Processing status of [I2SxCMODESET] register update.
Busy 0: Not busy
1: Processing
2 - 0 Read as "0".
1 - Read as "0".
0 AUDIOSET R Processing status of [I2SxCAUDIOSET] register update.
Busy 0: Not busy
1: Processing
4.2.6. [I2SxCMODESET] (Audio Data Format Setting Register)
: . After .
Bit | Bit Symbol Reset Type Function
31:3 - 0 R Read as "0".
2:0 WSJ[2:0] 000 R/W | Audio signal type selection
000: 12S stereo
001: Reserved
010: LR stereo (Low period of LRCK is L channel.)
011: LR stereo (High period of LRCK is L channel.)
100: PCM monaural (Synchronized with Low of LRCK.)
101: PCM monaural (Synchronized with High of LRCK.)
110: Reserved
111: Reserved
Note: This register should not be written continuously, when the [I2SxCREGBUSY] is not
"0x00000000".
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4.2.7. [I2SxCMS_SEL] (Master / Slave Select Register)

. . After .
Bit | Bit Symbol Reset Type Function
31:1 - 0 R Read as "0".
0 SEL 1 R/W | Master / Slave selection
0: Master
Output the BCK and LRCK
1: Slave

Input the BCK and LRCK

Note: The PORT setting is required, refer to "Input/Output Ports" in the Reference manual.

4.2.8. [I2SxCMCLK_IO_SEL] (MCLK pin Input/Output select Register)

: . After .
Bit | Bit Symbol Reset Type Function
31:1 - 0 R Read as "0".
0 SEL 0 R/W | MCLK input /output selection

0: Input (MCLKI)
1: Output (MCLKO)

Note: The PORT setting is required, refer to "Input/Output Ports" in the Reference manual.

4.2.9. [I12SxCPHT_DIV] (®T0 Dividing Setting Register)

: . After .
Bit | Bit Symbol Reset Type Function
31:8 - 0 R Read as "0".
7:0 | PSCALJ[7:0] 0x00 R/W | ®TO dividing setting

0x00: Reserved
0x01: 1/2
0x02: 1/3

OxFE: 1/255
OxFF: Reserved

When the [I2SxCPHT_DIVOUT_EN]<EN> is "1" (clock output),
don't change a set value.

Note: When the duty of 50 % is required, this bit should be set to an even division ratio.

4.2.10. [I2SxCPHT_DIVOUT_EN] (®TO0 Dividing Clock Output Enable Register)

: . After .
Bit | Bit Symbol Reset Type Function
31:1 - 0 R Read as "0".

0 EN 0 R/W | Enable / Disable ®TO division clock output

0: Output disable
1: Output enable

When using ®TO dividing clock as the BCK source clock, set "1" to

this bit.
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4.2.11. [I2SxCBCK_SRC_SEL] (BCK Source Clock Select Register)

. . After .
Bit | Bit Symbol Reset Type Function
31:1 - 0 R Read as "0".

0 SEL 0 R/W | Select the BCK Source

0: 12SXxMCLK pin input

1: ®TO division clock
When the [I2SxCBCK_DIVOUT_EN]J<EN> is "1" (clock output),
don't change a set value.

4.2.12. [I2SxCBCK_DIV] (BCK Dividing Setting Register)

. . After .
Bit | Bit Symbol Reset Type Function
31:8 - 0 R Read as "0".

7:0 | PSCAL[7:0] 0x00 R/W [ Set the BCK division
- [12SxCBCK_SRC_SEL]<SEL>=0: Set "0x01" to "OxFE"
- [I12SxCBCK_SRC_SEL]<SEL>=1: Set "0x00"

[12SxCBCK_SRC_SEL]
<PSCAL[7:0]> <SEL>=0 _

setting (12SXMCLK pin <?§#;)'1

input)
0x00 Setting prohibit 1M
0x01 1/2
0x02 1/3

Setting prohibit

OxFE 1/255
OxFF Setting prohibit

When the [I2SxCBCK_DIVOUT_EN]<EN> is "1" (clock output),
don't change a set value.

Note: When the duty of 50 % is required, this bit should be set to an even division ratio.

4.2.13. [I2SxCBCK_DIVOUT_EN] (BCK Output Enable Register)

. . After .
Bit | Bit Symbol Reset Type Function
31:1 - 0 R Read as "0".
0 EN 0 R/W [Enable / Disable the BCK output
0: Output disable
1: Output enable

Note: The PORT setting is required, refer to "Input/Output Ports" in the Reference manual.
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4.3. Details of Reception Control Registers

4.3.1. [I2SxISTART] (Reception Control Start Register)

Bit

Bit Symbol

After
Reset

Type

Function

31:9

0

R

Read as "0".

8

Start

0

R/W

Reception control operation start setting
0: Ignored
1: Start reception control operation
When set to "1", reception control operation starts.
When the [I2SxIBUSY]<Busy> is "0", writing "1" in this bit is valid.

71

Read as "0".

MicStart

R/W

Serial transfer start setting
0: Ignored
1: Start the serial reception(input) operation
When set the <MicStart> to "1", the serial transfer starts.
When the [I12SxIBUSY]<MicBusy> is "0", writing "1" in this bit is
valid.

Notel: When restart the transfer after reception stops, set <Start> to "1", after reading [I2SxISTOP] and

confirming that the stop processing is completed (/I2SxISTOP]<12S_STOP> = 0).

Note2: Confirm the [I2SxIREGBUSY] register is "0x00000000", before setting "1" to the <Start>.
Note3: Continuous access to the [I2SxISTART] is prohibit. It is ignored even if it sets the [I2SxISTART].

4.3.2. [I2SxIBUSY] (Reception Operation Status Register)

. : After .
Bit | Bit Symbol Reset Type Function
31:18 - 0 R Read as "0".
Internal process status of LRCK error
17 LRErrBusy 0 R 0: Internal process is finished.
1: Internal process is operating.
Internal process status of Underrun/Overrun error
16 ErrBusy 0 R 0: Internal process is finished.
1: Internal process is operating.
15:9 - 0 Read as "0".
8 - 0 Read as "0".
7:2 - 0 Read as "0".
Mute status
1 SeriBusy 0 R 0: Mute
1: Not mute
Input operation status of SDATA(DI)
0 MicBusy 0 R 0: Stop
1: Operating
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4.3.3. [I2SxISTOP] (Stopping Reception Data Register)

After

Bit | Bit Symbol Reset Type Function
31:1 - 0 R Read as "0".
0 12S_STOP 0 R Internal process status of stop operation.

0: Stop operation finished
1: Stop operation processing

After writing "1", this register returns "1" as a read data during
processing the stop operation. This register returns "0" as a read
data after completion of the stop operation.
W [ Data reception stop control

0: Ignored

1: Stop the data reception
The Data reception can be stopped by writing "1" to this register and
cleared the internal status execpt setting registers and error
interrupt status.

Notel: This register should be written "1" during the Data reception - when [I2SxIBUSY]<MicBusy> is
"1 ".

Note2: After setting <I2S_STOP> to "1", don't set <I2S_STOP> to "1" again during the stop processing
operation. When set to "1", setting is ignored.
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4.3.4. [I2SxIAUDIOSET] (Reception AUDIOSET Register)

Bit

Bit Symbol

After
Reset

Type

Function

31:17

0

R

Read as "0".

16

DTFmt

0

RW

Data storage format
In case of 8 or 16-bit length data:

0: Lower-first
1: Upper-first

In case of 24-bit length data:

0: LSB justification
1: MSB justification

Select the data alignment when reading or writing to the FIFO of
32-bits width.

15:13

Read as "0".

12

SDEdge

R/W

Sampling edge of SDATA(DI)

0: The BCK falling edge.
1: The BCK rising edge.

For settings, refer to Table 3.4.

11

Edge

RW

LRCK sampling edge

0: The BCK falling edge.
1: The BCK rising edge.

For settings, refer to Table 3.4.

10:9

Read as "0".

SCLKtoWS

R/W

Frame size specification of SDATA(DI)

0: 16 cycles
1: 32 cycles

A frame size means a BCK cycle count per audio channel.

For the PCM monaural format, a 1-frame-period is a
1-sampling-cycle.

For the 12S stereo format and the LR stereo format, a 1-frame
period is a half of a 1-sampling cycle because one sampling-data
consists of two channels (Left and Right).

The word length specified by <WordLen[5:0]> cannot exceed
this frame size.

7:6

0

Read as "0".

5.0

WordLen
[5:0]

000000

RW

Word length
Set the bit count for audio data.

100000: 32 bits
011000: 24 bits
010000: 16 bits
001000: 8 bits
Others: Reserved

Note: This register should not be written continuously, when [I2SxIREGBUSY] is not "0x00000000".
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4.3.5. [I2SxIINTSTAT] (Reception Control Interrupt Source Status Register)

After

Bit | Bit Symbol Reset Type Function
314 - 0 R Read as "0".
3 LRCKErr 0 R LRCK Error status

0: No LRCK Error
1: LRCK Error occurred
When an abnormality is detected in the LRCK cycle, this bit is set to
"1". This bit shows the status before masking.
Writing "1" to [I2SxIINTCLR]<LRErrClr>, this bit is cleared to "0".
2 URErr 0 R Underrun Error status
0: No Underrun Error
1: Underrun Error occurred
When an Underrun error occurs, this bit is set to "1". This bit shows
the status before masking.
Writing "1" to [I2SxIINTCLR]<URCIr>, this bit is cleared to "0".
1 ORErr 0 R Overrun Error status
0: No Overrun Error
1: Overrun Error occurred
When an Overrun error occurs, this bit is set to "1". This bit shows
the status before masking.
Writing "1" to [I2SxIINTCLR]<ORCIr>, this bit is cleared to "0".
0 Int 0 R Reception data transfer request status
0: No reception data transfer request
1: Reception data transfer request occurred

This bit indicates that the FIFO has one word (4 bytes) data or
more.
This bit shows a status of before masking.

The timing that this bit is cleared to "0" is below;

- Writing "1" to the [I2SxIINTCLR]<IntClir>

- Receiving DMA acknowledgement when the DMAC request is
enabled ([I2SxIINTMASK]<DMACMSK> is "0")

- Overrun or Underrun occurred

- Operating the stop process by the [I2SxISTOP].
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4.3.6. [I2SxIINTMASK] (Reception Control Interrupt Mask Register)

Bit

Bit Symbol

After
Reset

Type

Function

31:17

0

R

Read as "0".

16

DMACMSK

0

RW

Mask selection of DMA request (Note)

0: Don't mask

1: Mask
This bit masks the data request signal to the DMAC.
When use the DMAC, set "0" in this bit.

15:4

Read as "0".

LRErrMask

R/W

Mask selection of LRCK Error
0: Don't mask
1: Mask
This bit masks the LRCK Error (LRCKErr) interrupt.

URMask

R/W

Mask selection of Underrun Error
0: Don't mask
1: Mask
This bit masks the Underrun Error (URErT) interrupt.

ORMask

R/W

Mask selection of Overrun Error
0: Don't mask
1: Mask
This bit masks the Overrun Error (ORErr) interrupt.

Mask

RW

Mask selection of Data transfer request interrupt(Note)

0: Don't mask

1: Mask
Mask the data transfer request interrupt. This bit does not mask the
data transfer request for DMAC.

Note: Data transfer request interrupt can be masked by <Mask>, and DMA request can be masked by
<DMACMSK>. Mask either <Mask> or <DMACMSK>.
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4.3.7. [I2SxIINTCLR] (Reception Control Interrupt Source Clear Register)

After
Reset

314 - 0 R Read as "0".

3 LRErrCIr 0 W | Clear the LRCK Error status

0: Ignored

1: Clear
The [I2SxIINTSTAT]<LRCKErr> is cleared to "0" by writing "1" to
this bit. Writing "0" is ignored. When read this bit, always returned
"0".
2 URCIr 0 W | Clear the Underrun Error status

0: Ignored

1: Clear
The [I2SxIINTSTAT]<URErr> is cleared to "0" by writing "1" to this
bit. Writing "0" is ignored. When read this bit, always returned "0".
1 ORCIr 0 W | Clear the Overrun Error status

0: Ignored

1: Clear
The [I2SxIINTSTAT]<ORETrr> is cleared to "0" by writing "1" to this
bit. Writing "0" is ignored. When read this bit, always returned "0".
0 IntClr 0 W | Clear the Data transfer request status

0: Ignored

1: Clear
The [I2SxIINTSTAT]<Int> is cleared to "0" by writing "1" to this bit.
Writing "0" is ignored. When read this bit, always returned "0".
Don't set "1" to the [I2SxIINTCLR]<IntCIr>, when the Data transfer
request is used as the-source of the DMAC request.

Bit | Bit Symbol Type Function
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4.3.8. [I2SxIMUTE] (Reception Mute Setting Register)

After

Bit | Bit Symbol Reset Type Function
31:1 - 0 R Read as "0".
0 MuteN 0 R/W | Mute setting
0: Mute ON
1: Mute OFF

Note: This register should not be written continuously, when /I2SxIREGBUSY] is not "0x00000000".

4.3.9. [I2SxIEPTR] (Reception Control Error Occurrence Pointer Stored Register)

After

Bit | Bit Symbol Reset Type Function
31:6 - 0 R Read as "0".
5:0 ErrPointer | 000000 R Error Pointer
[5:0] <ErrPointer[5:0]> is indicated the address that overrun error or

underrun error occurs.

4.3.10. [I2SxIREGBUSY] (Reception REGBUSY Register)

. . After .
Bit | Bit Symbol Reset Type Function
31:20 - 0 R Read as "0".
19 MODESET 0 R Internal pending status of [I2SxIMODESET] register update.
Pend 0: Not busy
1: Pending
18 - R Read as "0".
17 MutePend R Internal pending status of [I2SxIMUTE] register update.
0: Not busy
1: Pending
16 | AUDIOSET 0 R Internal pending status of [I2SxIAUDIOSET] register update.
Pend 0: Not busy
1: Pending
15:4 - R Read as "0".
3 MODESET R Processing status of [I2SxIMODESET] register update.
Busy 0: Not busy
1: Processing
2 - R Read as "0".
MuteBusy R Processing status of [I2SxIMUTE] register update.
0: Not busy
1: Processing
0 AUDIOSET 0 R Processing status of [I2SxIAUDIOSET] register update.
Busy 0: Not busy
1: Processing
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4.3.11. [I2SxITHRESHOLD] (Reception Threshold Setting Register)
: . After .
Bit | Bit Symbol Reset Type Function
31:5 - 0 R Read as "0".
4:0 threshold 00000 R/W [ Threshold value of data transfer request for the CPU or DMA.

[4:0]
Set a value of 0 to 31.

The threshold value is <threshold[4:0]>+1.
Notel: In case of the INTI2SxSI interrupt and the Reception DMA request, the FIFO needs to read
[12SxITHRESHOLD|<threshold[4:0]>+1 times to generate the next interrupt.

Note2: When the 12S connects with the FIR, the result of comparing FIFO free space and <threshold[4:0]>+1
value is output.

4.3.12. [I2SxIFIFO_STS] (Reception FIFO Status Register)

. . After .
Bit | Bit Symbol Reset Type Function
31:7 - 0 R Read as "0".
6:0 | FIFOStatus 0x00 R The <FIFOStatus[6:0]> indicate the FIFO data storage status when
[6:0] the I12S is operating.

4.3.13. [I2SxIMODESET] (Reception Audio Data Format Setting Register)

Bit | Bit Symbol | After Type Function
Reset

31:3 - 0 R Read as "0".

2:0 WSJ[2:0] 000 R/W [ Audio data format selection

000: I12S stereo

001: Reserved

010: LR stereo (Low period of LRCK is L channel.)

011: LR stereo (High period of LRCK is L channel.)
100: PCM monaural (Synchronized with Low of LRCK.)
101: PCM monaural (Synchronized with High of LRCK.)
110: Reserved

111: Reserved

Note: This register should not be written continuously, when /I2SxIREGBUSY] is not "0x00000000".

4.3.14. [I2SxILMEMO0] to [I12SxILMEM63] (Reception Data Register 00 to 63)

: . After .
Bit | Bit Symbol Reset Type Function
31:0 | SDAT[31:0] | 0x00000 R  |Audio Data
000 Refer to "3.6.1. Receive FIFO".
52 /72 2020-11-16

Rev. 1.0



TOSHIBA

TXZ+ Family
I12S Interface

4.4. Details of Transmission Control Registers

4.41. [I2SxOSTART] (Transmission Control Start Register)

Bit

Bit Symbol

After
Reset

Type

Function

31:9

0

R

Read as "0".

8

Start

0

R/W

Transmission control operation start setting
0: Ignored
1: Start transmission control operation
When set to "1", transmission control operation starts.
When the [I12SxOBUSY]<Busy> is "0", writing "1" in this bit is valid.

71

Read as "0".

SpkStart

R/W

Serial transfer start setting
0: Ignored
1: Start the serial transmission(output) operation
When set the <SpkStart> to "1", the serial transfer starts.
When the [I2SxOBUSY]<SpkBusy> is "0", writing "1" in this bit is
valid.

Notel: When restart the transfer after transmission stops, set <Start>to "1", after reading [I2SxOSTOP] and

confirming that the stop processing is completed (/I2SxOSTOP|<I2S_STOP> = 0).

Note2: Confirm the [I2SxOREGBUSY] register is "0x00000000", before setting "1" to the <Start> bit.
Note3: Continuous access to the [I2SxOSTART] is prohibit. It is ignored even if it sets the [I2SxOSTART].

4.4.2. [I2SxOBUSY] (Transmission Operation Status Register)

. . After .
Bit | Bit Symbol Reset Type Function
31:18 - 0 R Read as "0".
Internal process status of LRCK error
17 LRErrBusy 0 R 0: Internal process is finished.
1: Internal process is operating.
Internal process status of Underrun/Overrun error
16 ErrBusy 0 R 0: Internal process is finished.
1: Internal process is operating.
15:9 - 0 Read as "0".
8 - 0 Read as "0".
7:2 - 0 Read as "0".
Mute status
1 SeriBusy 0 R 0: Mute
1: Not Mute
Output operation status of SDATA(DO)
0 SpkBusy 0 R 0: Stop
1: Operating
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4.4.3. [I2SxOSTOP] (Stopping Transmission Data Register)

After

Bit | Bit Symbol Reset Type Function
31:1 - 0 R Read as "0".
0 12S_STOP 0 R Internal process status of stop operation.

0: Stop operation finished
1: Stop operation processing

After writing "1", this register returns "1" as a read data during
processing the stop operation. This register returns "0" as a read
data after completion of the stop operation.
W [Data transmission stop control

0: Ignored

1: Stop the data transmission
The Data transmission can be stopped by writing "1" to this register
and cleared the internal status execpt setting registers and error
interrupt status.

Notel: This register should be written "1" during the Data transmission - when [I2SxOBUS Y/<SpkBusy>
is "1 n .

Note2: After setting <I2S_STOP> to "1", don't set <I2S_STOP> to "1" again during the stop processing
operation. When set to "1", setting is ignored.
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4.4.4. [I2SxOAUDIOSET] (Transmission AUDIOSET Register)

Bit

Bit Symbol

After
Reset

Type

Function

31:17

0

R

Read as "0".

16

DTFmt

0

RW

Data storage format
In case of 8 or 16-bit length data:
0: Lower-first
1: Upper-first
In case of 24-bit length data:
0: LSB justification
1: MSB justification
Select the data alignment when reading or writing to the FIFO of
32-bits width.

15:13

Read as "0".

12

SDEdge

RW

Sampling edge of SDATA(DO)
0: The BCK falling edge.
1: The BCK rising edge.

For settings, refer to Table 3.4.

11

Edge

RW

LRCK sampling edge
0: The BCK falling edge
1: The BCK rising edge
For settings, refer to Table 3.4.

10:9

Read as "0".

SCLKtoWS

R/W

Specify the frame size of SDATA(DO).
0: 16 cycles
1: 32 cycles

A frame size means a BCK cycle count per audio channel.

For the PCM monaural format, a 1-frame-period is a
1-sampling-cycle.

For the I12S stereo format and the LR stereo format, a 1-frame-period is a
half of a 1-sampling-cycle because one sampling-data consists of two
channels (Left and Right).

The word length specified by <WordLen[5:0]> cannot exceed this
frame size.

7:6

0

Read as "0".

5:0

WordLen
[5:0]

000000

R/W

Word length
Set the bit count for audio data.
100000: 32 bits
011000: 24 bits
010000: 16 bits
001000: 8 bits
others: Reserved

Note: This register should not be written continuously, when [I2SxOREGBUSY] is not "0x00000000".
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4.4.5. [I2SxOINTSTAT] (Transmission Control Interrupt Source Status Register)

. . After .
Bit | Bit Symbol Reset Type Function
31:4 - 0 R Read as "0".

3 LRCKErr 0 R LRCK Error status

0: No LRCK Error
1: LRCK Error occurred
When an abnormality is detected in the LRCK cycle, this bit is set to
"1". This bit shows the status before masking.
Writing "1" to [I12SxOINTCLR]<LRErrCIr>, this bit is cleared to "0".
2 URErr 0 R Underrun Error status
0: No Underrun Error
1: Underrun Error occurred
When an Underrun error occurs, this bit is set to "1". This bit shows
the status before masking.
Writing "1" to [I12SxOINTCLR]<URCIr>, this bit is cleared to "0".
1 ORErr 0 R Overrun Error status
0: No Overrun Error
1: Overrun Error occurred
When an Overrun error occurs, this bit is set to "1". This bit shows
the status before masking.
Writing "1" to [I12SxOINTCLR]<ORCIr>, this bit is cleared to "0".
0 Int 0 R | Transmission data transfer request status
0: No transmission data transfer request
1: Transmission data transfer request occurred

This bit indicates that the FIFO free space is one word (4 bytes)
data or more.
This bit shows a status of before masking.

The timing that this bit is cleared to "0" is below;

- Writing "1" to the [I2SxOINTCLR]<IntCIr>

- Receiving DMA acknowledgement when the DMAC request is
enabled ([I2SxOINTMASK]<DMACMSK> is "0")

- Overrun or Underrun occurred

- Operating the stop process by the [I2SxOSTORP].
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4.4.6. [I2SxOINTMASK] (Transmission Control Interrupt Mask Register)

After

Bit | Bit Symbol Reset

Type Function

31:17 - 0 R Read as "0".

16 DMACMSK 0 R/W [Mask selection of DMA request (Note)

0: Don't mask

1: Mask
This bit masks the data request signal to the DMAC.
When use the DMAC, set "0" in this bit.

15:4 - 0 R Read as "0".

3 LRErrMask 1 R/W | Mask selection of LRCK Error
0: Don't mask
1: Mask
This bit masks the LRCK Error (LRCKErT) interrupt.
2 URMask 1 R/W | Mask selection of Underrun Error
0: Don't mask
1: Mask
This bit masks the Underrun Error (URErr) interrupt.
1 ORMask 1 R/W [ Mask selection of Overrun Error
0: Don't mask
1: Mask
This bit masks the Overrun Error (ORErr) interrupt.
0 Mask 1 R/W [Mask selection of Data transfer request interrupt(Note)
0: Don't mask
1: Mask
Mask the data transfer request interrupt. This bit does not mask the
data transfer request for DMAC.
Note: Data transfer request interrupt can be masked by <Mask>, and DMA request can be masked by
<DMACMSK>. Mask either <Mask> or <DMACMSK>.
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4.4.7. [I2SxOINTCLR] (Transmission Control Interrupt Source Clear Register)

Bit

Bit Symbol

After
Reset

Type

Function

31:4

0

Read as "0".

LRErrClIr

0

Clear the LRCK Error status

0: Ignored

1: Clear
The [I12SxOINTSTAT]<LRCKErr> is cleared to "0" by writing "1" to
this bit. Writing "0" is ignored. When read this bit, always returned
v

URCIr

Clear the Underrun Error status

0: Ignored

1: Clear
The [I2SxOINTSTAT]<URErr> is cleared to "0" by writing "1" to this
bit. Writing "0" is ignored. When read this bit, always returned "0".

ORCIr

Clear the Overrun Error status

0: Ignored

1: Clear
The [I2SxOINTSTAT]<ORErr> is cleared to "0" by writing "1" to this
bit. Writing "0" is ignored. When read this bit, always returned "0".

IntClr

Clear the Data transfer request status

0: Ignored

1: Clear
The [I2SxOINTSTAT]<Int> is cleared to "0" by writing "1" to this bit.
Writing "0" is ignored. When read this bit, always returned "0".
Don't set "1" to the [I2SxOINTCLR]<IntClr>, when the Data transfer
request is used as the source of the DMAC request.

4.4.8. [I2SxOMUTE] (Transmission Mute Setting Register)

After

Bit | Bit Symbol Reset Type Function
31:1 - 0 R Read as "0".
0 MuteN 0 R/W | Mute setting
0: Mute ON
1: Mute OFF

Note: This register should not be written continuously, when [I2SxOREGBUSY] is not "0x00000000".

4.4.9. [I2SxOEPTR] (Transmission Control Error Occurrence Pointer Stored Register)

. : After .
Bit | Bit Symbol Reset Type Function
31:6 - 0 R Read as "0".
5:0 ErrPointer | 000000 R Error Pointer
[5:0] <ErrPointer[5:0]> is indicated the address that overrun error or
underrun error occurs.
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4.4.10. [I2SxOTX_SSIZE] (TX_SSIZE Register)

. . After .
Bit | Bit Symbol Reset Type Function
31:6 - 0 R Read as "0".
5:0 | TxStartSize 0x20 R/W [ Specifying the transmission starting threshold of the SDATA.
[5:0] Specify the data amount as the word count. (one word is 4 bytes)

Initial value is 0x20 (32 words).

The value of 4 to 63 is available, the value of 0 to 3 is not available.

Notel: A serial data transmission starts when the data over the specified value is stored in the buffer. This
threshold has an effect on only the first data after writing "1" to /[I2SxOSTART]<SpkStart>

Note2: This register should not be written continuously, when [I2SxOREGBUSY] is not "0x00000000".

4.4.11. [12SxOREGBUSY] (Transmission REGBUSY Register)

Bit | Bit Symbol | After Type Function
Reset
31:20 - 0 R Read as "0".
19 MODESET 0 R Internal pending status of [I2SxOMODESET] register update.
Pend 0: Not busy
1: Pending
18 TXSSize 0 R Internal pending status of [I2SxOTX_SSIZE] register update.
Pend 0: Not busy
1: Pending
17 Mute 0 R Internal pending status of [I2SxOMUTE] register update.
Pend 0: Not busy
1: Pending
16 | AUDIOSET 0 R Internal pending status of [I2SxOAUDIOSET] register update.
Pend 0: Not busy
1: Pending
15:4 - R Read as "0".
3 MODESET R Processing status of [I2SxOMODESET] register update.
Busy 0: Not busy
1: Processing
2 TXSSize 0 R Processing status of [12SxOTX_SSIZE] register update.
Busy 0: Not busy
1: Processing
1 MuteBusy 0 R Processing status of [I2SxOMUTE] register update.
0: Not busy
1: Processing
0 AUDIOSET 0 R Processing status of [I2SxOAUDIOSET] register update.
Busy 0: Not busy
1: Processing

Note: Check that the [I2SxOREGBUSY] register is "0x00000000", before the [I2SxOSTART]<Start> is set
tO n 1 "‘
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4.412. [I2SxOTHRESHOLD] (Transmission Threshold Setting Register)

. . After .
Bit | Bit Symbol Reset Type Function
31:5 - 0 R Read as "0".
4:0 threshold 00000 R/W [ Threshold value of data transfer request for the CPU or DMA.

[4:0]
Set a value of 0 to 31.

The threshold value is <threshold[4:0]>+1.

Notel: In case of the INTI2SxSO interrupt and the Transmission DMA request, the FIFO needs to write
[12SxOTHRESHOLD|<threshold[4:0]>+1 times to generate the next interrupt.

Note2: When the 12S connects with the FIR, the result of comparing FIFO free space and <threshold[4:0]>+1
value is output.

4.4.13. [I2SxOFIFO_STS] (Transmission FIFO Status Register)

. . After .
Bit | Bit Symbol Reset Type Function
31:7 - 0 R Read as "0".
6:0 | FIFOStatus 0x40 R The <FIFOStatus[6:0]> indicate the FIFO data storage status when
[6:0] the 12S is operating.

4.4.14. [I2SxOMODESET] (Transmission Audio Data Format Setting Register)

Bit | Bit Symbol | After Type Function
Reset

31:3 - 0 R Read as "0".

2:0 WSJ[2:0] 000 R/W [ Audio data format selection

000: I12S stereo

001: Reserved

010: LR stereo (Low period of LRCK is L channel.)

011: LR stereo (High period of LRCK is L channel.)
100: PCM monaural (Synchronized with Low of LRCK.)
101: PCM monaural (Synchronized with High of LRCK.)
110: Reserved

111: Reserved

Note: This register should not be written continuously, when /I2SxOREGBUSY] is not "0x00000000".

4.4.15. [I2SxOLMEMO00] to [I2SxOLMEMG63] (Transmission Data Register 00 to 63)

. . After .
Bit | Bit Symbol Reset Type Function
31:0 | SDAT[31:0] | 0x00000 | W |Audio data
000 Refer to "3.6.2. Transmit FIFO".
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5. Example of Use
5.1. Operation Process

Once an error occurs, the transmission or the reception cannot continue. When an error occurs, the process in
"5.1.4.1. Overrun Error or Underrun Error Interrupt Occurrence" should be done. Then the transmission or the
reception should be restarted.

When the underrun is generated intentionally, the process in "5.1.4.1. Overrun Error or Underrun Error Interrupt
Occurrence" and "5.1.5. Operation Process of Reception Restart or Transmission Restart" should be done to restart
the transmission or the reception.

After [I2SxOSTART] <Start> is set to "1", the interrupt of the notification of the FIFO’s empty state and the DMA
request are issued.

5.1.1. Operation Process of LRCK Generation Start

1. Master/Slave setting
The operation of the 12Sx device (Master or Slave) should be set to [I2SxCMS SELJ<SEL>.

2. Port setting
The port function should be set according to necessary function.
For the details of the port setting, refer to "Input/Output Ports" in the Reference manual.

3. Frequency setting
The setting of the MCLK input or output should be done in /I2SxCMCLK 10 _SEL]<SEL>. If necessary,
the frequency of the MCKO (External master clock output) and the source clock of the BCK should be set in
[12SxCPHT DIV]<PSCAL[7:0]> and [I2SxCPHT _DIVOUT_ENJ]<EN>, respectively.
For a master device, the BCK frequency should be set in /I2SxCBCK_SRC SELJ<SEL>,
[12SxCBCK_DIV]<PSCAL[7:0]>, and [I2SxCBCK_DIVOUT ENJ<EN>,

4. DMAC start-up (for DMA transfer)
When the DMAC is used, the DMAC should be started up. For the detail settings of the DMAC, refer to
"Multi-function DMA Controller" in the Reference manual.

5. Frame size of the clock control, Word length, and Clock edge setting (only for Master)
The frame size should be set in [I2SxCAUDIOSET]<SCLKtoWS> and
[128xCAUDIOSET|<WordLen[5:0]>. The clock edge should be set in [I2SxCAUDIOSET|<Edge>.

6. Setting of the audio format of the clock control (only for Master)
The audio format should be set in [I2SxCMODESET|<WS[2:0]>.

7. Setting of LRCK generation start (only for Master)
[I2SxCREGBUSY] = 0x00000000 should be checked. Then, [I2SxCSTART]<Start> should be set to "1" to
start generating the LRCK.

[12SxCAUDIOSET] and [12SxCMODESET] should not be written continuously. If a continuous access is done,
[12SxCSTART]<Start> should not be written to "1" until /I2SxCREGBUSY] becomes "0x00000000".
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Table 5.1 Registers set of LRCK generation start

Step Setting item Setting registers Description
1 Master/Slave setting [12SxCMS_SELJ<SEL> -
2 Port setting Refer to "Input/Output Ports" in the Reference Manual.

[12SxCMCLK_IO_SEL]<SEL> MCLK input or output setting
Setting of the frequency of MCKO
[12SxCPHT_DIV]<PSCAL[7:0]> (External master clock output)
3 Frequency setting [12SxCPHT_DIVOUT_EN]<EN> grészettmg of the source clock of
[12SxCBCK_SRC_SEL]<SEL> BCK frequency setting
[12SxCBCK_DIV]<PSCAL[7:0]> (BCK setting is necessary only for
[12SxCBCK_DIVOUT_ENJ<EN> | Master.)

4 DMAC start-up Refer to "Multi-function DMA Controller" in the Reference manual.

Frame size and Word length [12SxCAUDIOSET]<SCLKtoWS> | Only for Master
5 setting [12SxCAUDIOSET]<WordLen[5:0]>

Clock edge setting [12SxCAUDIOSET]<Edge>
6 Audio format selection [12SxCMODESET]<WS[2:0]> Only for Master
. [12SxCREGBUSY] Only for Master
7 LRCK generation start [12SxCSTART]<Start>
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5.1.2. Operation Process of Reception Start

1. Audio format setting of Reception control (Note)
The audio format should be set in [I2SxIMODESET]<WS[2:0]>.

2. Frame size, Word length, Clock edge, and Data storage format settings in Reception control (only for Master)
(Note)
The settings should be done for the frame size in [I2SxIAUDIOSET]<SCLKtoWS> and
[12SxIAUDIOSET]<WordLen[5:0]>, and for the clock edge in [I2SxIAUDIOSET]<Edge> and
[12SxIAUDIOSET]<SDEdge>. The data storage format should be set in /[I2SxIAUDIOSET]|<DTFmt>.

3. Interrupt setting (Settings of Data transfer threshold value and Interrupt mask disable)
The data transfer request threshold value should be set to /[I2SxITHRESHOLD]<threshold[4:0]>.

When an interrupt source is unmasked, the corresponding bit of the [I2SxIINTMASK] register should be set
tO HOH.

4. Operation start of Reception control block
[I2SxIREGBUSY] = 0x00000000 should be checked. Then, [I12SxISTART]<Start> should be set to "1" to
start operating the reception control block.

5. Serial transfer start
[I2SxIMUTE]<MuteN> = 1 should be set to switch the mute OFF.
[128SxISTART]<MicStart> = 1 should be set to start the serial transfer operation.

Note: When each bit in [I2SxIREGBUSY] is "1", [I2SxIAUDIOSET], [I2SxIMODESET], and
[12SxIMUTE] should not be written continuously.

Table 5.2 Registers set of Reception start

Step Setting item Setting registers Description

1 Audio format selection [12SxIMODESET]<WS[2:0]>

[12SxIAUDIOSET]<DTFmt>
Settings of Data storage format, [12SxIAUDIOSET]<SDEdge>

2 Clock edge, Frame size, and [12SxIAUDIOSET]<Edge>
Word length [12SxIAUDIOSET]<SCLKtoWS>
[12SxIAUDIOSET]<WordLen[5:0]>

Interrupt setting -
(Setting of Data transfer request | [I2SxITHRESHOLD]<threshold[4:0]>
threshold value)

[12SxIINTMASK]<DMACMSK> "0" should be set for unmasked

3 Int t setti [12SxIINTMASK]<LRErrMask> interrupts.
nt n er:“p SE dl_ng o [12SxIINTMASK]<URMask> (“1” for a masked factor and “0”
(Interrupt mask disable) [12SxIINTMASK]<ORMask> for an unmasked factor)
[12SxIINTMASK]<Mask>
4 Operat'zgr?ttforlt g’lfozfcept'on [12SxISTART]<Start> -
[12SxIMUTE]<MuteN> Mute OFF setting
5 Serial transfer start
[12SxISTART]<MicStart> -
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5.1.3.

Operation Process of Transmission Start

. Audio format setting of Transmission control

The audio format should be set in [I2SxOMODESET]<WSJ[2:0]>.

Frame size, Word length, Clock edge, and data storage format settings in Transmission control (only for
Master)
The frame size should be set in [I2SxOAUDIOSET]<SCLKtoWS> and
[128x0AUDIOSET]<WordLen[5:0]>. The clock edge should be set in [I2SxOAUDIOSET]<Edge> and
[128x0AUDIOSET]<SDEdge>. The data storage format should be set in [I2SxOAUDIOSET|<DTFmt>.

Setting of Transmission start threshold value
The size of data stored in the FIFO should be set in /I2SxOTX SSIZE]<TxStartSize[5:0]>.

Interrupt setting (Settings of Data transfer request threshold value and Interrupt mask disable)
The data transfer request threshold value should be set to /I2SxOTHRESHOLDJ<threshold[4:0]>.
When an interrupt source is unmasked, the corresponding bit of the [I2SxOINTMASK] register should be
set to "0".

Operation start of Transmission control block
[I12SxOREGBUSY] = 0x00000000 should be checked. Then, [I2SxOSTART|<Start> = 1 should be set to
start operating the Transmission control block.

Serial transfer start
[128xOMUTE]<MuteN> = 1 should be set to switch the mute OFF.
[128xOSTART|<SpkStart> = 1 should be set to start the serial transfer operation.

Note: When each bit in [/I2SxOREGBUSY] is "1", [I2SxOAUDIOSET], [I12SxOMODESET],
[12SxOMUTE], and [I12SxOTX SSIZE] should not be written continuously.

Table 5.3 Registers set of Transmission start

Step Setting item Setting registers Description

1 Audio format selection [12SxOMODESET]<WSJ[2:0]> -

[12SxOAUDIOSET]<DTFmt> -
Settings of Data storage format, [12SxOAUDIOSET]<SDEdge>

2 Clock edge, Frame size, and [12SxOAUDIOSET]<Edge>
Word length [12SxOAUDIOSET]<SCLKtoWS>
[12SxOAUDIOSET]<WordLen[5:0]>

Setting of Transmission start -

3 threshold value [12SxOTX_SSIZE]<TxStartSize[5:0]>
Interrupt setting -
(Setting of Data transfer request | [[2SxOTHRESHOLD]<threshold[4:0]>
threshold value)
4 [12SxOINTMASK]<DMACMSK> "0" should be set for unmasked
Interrupt setting [12SxOINTMASK]<LRErrMask> I?t?rrupts. "
(Interrupt mask disable) [12SxOINTMASK]<URMask> (“1” for a masked factor and “0” for
[12SxOINTMASK]<ORMask> an unmasked factor)
[12SxOINTMASK]<Mask>
5 Operat'O”Czﬁfof‘;g:knsm'ss'o” [12SXOSTART]<Start> (Note) |
[12SxOMUTE]<MuteN> Mute OFF setting
6 Serial transfer start

[12SxOSTART]<SpkStart> -

Note: After "1" is set, the interrupt of the notification of the FIFO’s empty state and the DMA request are issued.
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5.1.4. Operation Process of Reception Stop and Transmission Stop

When the reception stop or the transmission stop is done, both a master device and a slave device are necessary to
be supplied of the serial clock during the process of the data reception stop or data transmission stop (until
[12SxISTOP] <12S_STOP> and [I12SxOSTOP] <12S_STOP> are read as "0").

5.1.4.1. Overrun Error or Underrun Error Interrupt Occurrence

1.

Interrupt mask
All corresponding interrupts should be masked using the [I2SxIINTMASK] or [I2SxOINTMASK] register.

Check of completion of Overrun or Underrun process
Check that [I2SxIBUSY]<ErrBusy> or [I12SxOBUSY/<ErrBusy> is "0".

Setting of Mute ON
The mute should be ON by setting "0" to [I2SxIMUTE]<MuteN> or [I2SxOMUTE]<MuteN>.
Check that [I2SxISTART|<SeriBusy> or [I2SxOSTART|<SeriBusy> becomes "0" to confirm the setting of
the <MuteN> is valid internally.

Data transfer stop
When [I2SxISTOP]<12S_STOP> or [I28xOSTOP]<12S_STOP> is set to "1", the stop process starts.
Check that [I2SxISTOPJ<12S_STOP> or [I12SxOSTOP]<12S_STOP> becomes "0" to confirm the stop
process of the data transfer has completed.

Check of LRCK generation operation (Unnecessary when the LRCK does not stop.)
Check that [I2SxCBUSY]<Busy> is "1" (Under operation of the generation).

LRCK generation stop (Unnecessary when the LRCK does not stop.)
[12SxCSTOPJ<12S_STOP> should be set to "1". Wait until /I2SxCSTOP]<12S_STOP> becomes "0".

Release of Error interrupt
The factor bit of the error interrupt should be set to "1" in the /I2SxIINTCLR] or [I2SxOINTCLR] register.

Table 5.4 Setting registers for Reception stop or Transmission stop at occurrence of Overrun error

or Underrun error interrupts

Step Setting item Reception Transmission
[12SxIINTMASK] [12SxOINTMASK]
1 Interrupt mask <DMACMSK>, <LRErrMask>, <DMACMSK>, <LRErrMask>,

<URMask>, <ORMask>, <Mask> | <URMask>, <ORMask>, <Mask>

Check of completion of internal
process at occurrence of

2 Overrun error or Underrun [12SxIBUSY]<ErrBusy> [12SxOBUSY]<ErrBusy>
error
Setting of Mute ON [12SxIMUTE]<MuteN> [12SxOMUTE]<MuteN>
3 . .
Wait until the state of <MuteN> | 5, ,B1)sy]<seriBusy> [12SxOBUSY]<SeriBusy>

becomes valid internally

Setting of Data reception stop

e Write [12SxISTOP]<12S_STOP> | Write [I2SxOSTOP]<12S_STOP>
or Data transmission stop

4 Wait for process of Data
reception stop or Data Read [I2SxISTOPJ]<12S_STOP> | Read [I2SxOSTOP]<I2S_STOP>
transmission stop
5 | Checkof LRCK generation [12SxCBUSY]<Busy> [12SxCBUSY]<Busy>
operation
LRCK stop Write [I2SxCSTOP]<12S_STOP> | Write [I2SxCSTOP]<I2S_STOP>

6 Wait for completion of LRCK

Read [I12SxCSTOP]<I2S_STOP> | Read [I2SxCSTOP]<I2S_STOP>
stop process

7 Clear of Infermubt factor [12SxIINTCLR]<URCIr> [12SxOINTCLR]<URCIr>
P [12SxIINTCLR]<ORCIr>> [12SxOINTCLR]<ORCIr>
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5.1.4.2. LRCK Error Interrupt Occurrence

1.

Interrupt mask
All corresponding interrupts should be masked using the [I2SxIINTMASK] or [I12SxOINTMASK] register.

Check of completion of LRCK error process
Check that [I2SxIBUS Y]<LRErrBusy> or [I2SxOBUSY]<LRErrBusy> is "0".

Data transfer stop
When [I2SxISTOP]<12S_STOP> or [I28xOSTOP]<12S_STOP> is set to "1", the stop process starts.
Check that [I2SxISTOPJ<12S_STOP> or [I12SxOSTOP|<12S_STOP> becomes "0" to confirm the stop
process of the data transfer has completed.

Check of LRCK generation operation (Unnecessary when the LRCK does not stop.)
Check that [I2SxCBUSY]<Busy> is "1" (Under operation of the generation).

LRCK generation stop (Unnecessary when the LRCK does not stop.)
[12SxCSTOPJ<12S_STOP> should be set to "1". Wait until /I2SxCSTOP[<I2S_STOP> becomes "0".

Release of Error interrupt
The factor bit of the error interrupt should be set to "1" in the /I2SxIINTCLR] or [I2SxOINTCLR] register.

Table 5.5 Setting registers for Reception stop or Transmission stop at occurrence of LRCK error

interrupt
Step Setting item Reception Transmission
[12SxIINTMASK] [12SxOINTMASK]
1 Interrupt mask <DMACMSK>, <LRErrMask>, <DMACMSK>, <LRErrMask>,

<URMask>, <ORMask>, <Mask> | <URMask>, <ORMask>, <Mask>

Check of completion of internal
2 process at occurrence of LRCK [12SxIBUSY]<LRErrBusy> [12SxOBUSY]<LRErrBusy>
error

Setting of Data reception stop

L Write [I2SxISTOP]<I2S_STOP> | Write [I2SxOSTOP]<I2S_STOP>
or Data transmission stop

3 Wait for process of Data
reception stop or Data Read [12SxISTOP]<12S_STOP> | Read [I2SxOSTOP]<I2S_STOP>
transmission stop
4 Check of LRCK generation [12SxCBUSY]<Busy> [12SxCBUSY]<Busy>
operation
LRCK stop Write [I2SxCSTOP]<I2S_STOP> | Write [I2SxCSTOP]<I2S_STOP>

5 Wait for completion of LRCK

Read [I12SxCSTOP]<12S_STOP> | Read [I2SxCSTOP]<I2S_STOP>
stop process

6 Clear of Interrupt factor [12SxIINTCLR]<LRErrCir> [12SxOINTCLR]<LRErrClr>
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5.1.4.3. Except Error Interrupt Occurrence

1. Check of the data transfer state
Check that [I12SxIBUSY]<MicBusy> and [I2SxOBUSY|<SpkBusy> are "1".
This check is unnecessary when the operation state is obvious because enough time elapses after the start-up.

2. Setting of Mute ON
The mute should be ON by setting "0" to [I2SxIMUTE]<MuteN> or [I2SxOMUTE[<MuteN>.
Check that [I2SxISTART]<SeriBusy> or [I2SxOSTART|<SeriBusy> becomes "0" to confirm the setting of
the <MuteN> is valid internally.

3. Data transfer stop
When [I2SxISTOP]<12S_STOP> or [I28xOSTOP]<12S_STOP> is set to "1", the stop process starts.
Check that [I2SxISTOP[]<I2S_STOP> or [I12SxOSTOP]<12S_STOP> becomes "0" to confirm the stop
process of the data transfer has completed.

4. LRCK generation stop (Unnecessary when the LRCK does not stop.)
[12SxCSTOPJ<12S_STOP> should be set to "1". Wait until /I2SxCSTOPJ<I2S_STOP> becomes "0".

Table 5.6 Setting registers for Reception stop or Transmission stop except error interrupt

occurrence
Step Setting item Reception Transmission
1 Check of the data transfer state [12SxIBUS Y]<MicBusy> [12SxOBUSY]<SpkBusy>
Setting of Mute ON [12SxIMUTE]<MuteN> [12SxOMUTE]<MuteN>
2 Wait until the state set in
<MuteN> becomes valid [12SxIBUSY]<SeriBusy> [12SxOBUSY]<SeriBusy>
internally

Setting of Data reception stop

L Write [I12SxISTOP]<I2S_STOP> | Write [I2SxOSTOP]<I2S_STOP>
or Data transmission stop

3 Wait for process of Data
reception stop or Data Read [I2SxISTOPJ]<12S_STOP> | Read [I2SxOSTOP]<I2S_STOP>
transmission stop
LRCK stop Write [I2SxCSTOP]<I2S_STOP> | Write [I2SxCSTOP]<I2S_STOP>

4 Wait for completion of LRCK
stop process

Read [I12SxCSTOP]<12S_STOP> | Read [I2SxCSTOP]<I2S_STOP>

5.1.5. Operation Process of Reception Restart or Transmission Restart

When reception or transmission should be restarted after it stops, Step 4 and after in "5.1.1. Operation Process of
LRCK Generation Start", and the process in "5.1.2.  Operation Process of Reception Start" or "5.1.3. Operation
Process of Transmission Start" should be done. Before <Start> is set to "1" at the reception restart or the
transmission restart, <I2S STOP> should be read to confirm that the stop process has completed.
® After [I2SxCSTOP[<I12S _STOP> =1 is set, [I2SxCSTOP[<I12S_STOP> is read as "1" during the stop
process. [I2SxCSTART[<Start> = 1 should be set after checking [I2SxCSTOP]<I2S_STOP> = (.
® After [I2SxISTOPJ<I2S _STOP> = 1 is set, [I2SxISTOP]<I2S _STOP> is read as "1" during the stop process.
[12SxISTART|<Start>=1 should be set after checking [I2SxISTOPJ<I2S_STOP> = 0.
® After [I2SxOSTOPJ<12S_STOP> =1 is set, [I2SxOSTOP]<I2S_STOP> is read as "1" during the stop
process. [I2SxOSTART]<Start> = 1 should be set after checking [I2SxOSTOPJ<I2S STOP> = 0.

5.1.6. Stop Process

"5.1.4. Operation Process of Reception Stop and Transmission Stop" should be done.
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5.2. Example of CPU Transfer Flow
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Figure 5.1
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Example of CPU transfer flow
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5.3. Example of DMA Transfer Flow
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Figure 5.2 Example of DMA transfer flow
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6. Precaution for Use

e The addresses to which no registers are assigned should not be accessed.

e When reception stop or transmission stop is done, both a master device and a slave device are necessary to be
supplied of the serial clock during the process of the data reception stop or data transmission stop (until
[12SxISTOP] <12S_STOP> or [I2SxOSTOP] <12S_STOP> is read as "0").

e The successive accesses to the following registers are inhibited.

[I12SxIAUDIOSET] | [125xOAUDIOSET], [I2SxIMODESET] / [I2SxOMODESET], [I2SxIMUTE] /
[12SxOMUTE], and [I2SxOTX_SSIZE] registers should not be written successively when the
corresponding bit in each register access state is "1" in the [I2SxIREGBUSY] / [I2SxOREGBUSY]
registers.

Before [I2SxISTART]<Start> or [I2SxOSTART]<Start> is set to "1", check that the [I2SxIREGBUSY] or
the [I2SxOREGBUSY] register is "0x00000000".

e The receive FIFO or the transmit FIFO should be accessed after [I2SxISTART]<Start> or
[12SxOSTART|<Start> is set to "1".
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RESTRICTIONS ON PRODUCT USE

Toshiba Corporation and its subsidiaries and affiliates are collectively referred to as “TOSHIBA”.
Hardware, software and systems described in this document are collectively referred to as “Product”.

TOSHIBA reserves the right to make changes to the information in this document and related Product without notice.

This document and any information herein may not be reproduced without prior written permission from TOSHIBA. Even with TOSHIBA's written
permission, reproduction is permissible only if reproduction is without alteration/omission.

Though TOSHIBA works continually to improve Product's quality and reliability, Product can malfunction or fail. Customers are responsible for
complying with safety standards and for providing adequate designs and safeguards for their hardware, software and systems which minimize
risk and avoid situations in which a malfunction or failure of Product could cause loss of human life, bodily injury or damage to property, including
data loss or corruption. Before customers use the Product, create designs including the Product, or incorporate the Product into their own
applications, customers must also refer to and comply with (a) the latest versions of all relevant TOSHIBA information, including without limitation,
this document, the specifications, the data sheets and application notes for Product and the precautions and conditions set forth in the
"TOSHIBA Semiconductor Reliability Handbook" and (b) the instructions for the application with which the Product will be used with or for.
Customers are solely responsible for all aspects of their own product design or applications, including but not limited to (a) determining the
appropriateness of the use of this Product in such design or applications; (b) evaluating and determining the applicability of any information
contained in this document, or in charts, diagrams, programs, algorithms, sample application circuits, or any other referenced documents; and
(c) validating all operating parameters for such designs and applications. TOSHIBA ASSUMES NO LIABILITY FOR CUSTOMERS' PRODUCT
DESIGN OR APPLICATIONS.

PRODUCT IS NEITHER INTENDED NOR WARRANTED FOR USE IN EQUIPMENTS OR SYSTEMS THAT REQUIRE EXTRAORDINARILY
HIGH LEVELS OF QUALITY AND/OR RELIABILITY, AND/OR A MALFUNCTION OR FAILURE OF WHICH MAY CAUSE LOSS OF HUMAN
LIFE, BODILY INJURY, SERIOUS PROPERTY DAMAGE AND/OR SERIOUS PUBLIC IMPACT ("UNINTENDED USE"). Except for specific
applications as expressly stated in this document, Unintended Use includes, without limitation, equipment used in nuclear facilities, equipment
used in the aerospace industry, lifesaving and/or life supporting medical equipment, equipment used for automobiles, trains, ships and other
transportation, traffic signaling equipment, equipment used to control combustions or explosions, safety devices, elevators and escalators, and
devices related to power plant. IF YOU USE PRODUCT FOR UNINTENDED USE, TOSHIBA ASSUMES NO LIABILITY FOR PRODUCT. For
details, please contact your TOSHIBA sales representative or contact us via our website.

Do not disassemble, analyze, reverse-engineer, alter, modify, translate or copy Product, whether in whole or in part.

Product shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any applicable
laws or regulations.

The information contained herein is presented only as guidance for Product use. No responsibility is assumed by TOSHIBA for any infringement
of patents or any other intellectual property rights of third parties that may result from the use of Product. No license to any intellectual property
right is granted by this document, whether express or implied, by estoppel or otherwise.

ABSENT AWRITTEN SIGNED AGREEMENT, EXCEPT AS PROVIDED IN THE RELEVANT TERMS AND CONDITIONS OF SALE FOR
PRODUCT, AND TO THE MAXIMUM EXTENT ALLOWABLE BY LAW, TOSHIBA (1) ASSUMES NO LIABILITY WHATSOEVER, INCLUDING
WITHOUT LIMITATION, INDIRECT, CONSEQUENTIAL, SPECIAL, OR INCIDENTAL DAMAGES OR LOSS, INCLUDING WITHOUT
LIMITATION, LOSS OF PROFITS, LOSS OF OPPORTUNITIES, BUSINESS INTERRUPTION AND LOSS OF DATA, AND (2) DISCLAIMS
ANY AND ALL EXPRESS OR IMPLIED WARRANTIES AND CONDITIONS RELATED TO SALE, USE OF PRODUCT, OR INFORMATION,
INCLUDING WARRANTIES OR CONDITIONS OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, ACCURACY OF
INFORMATION, OR NONINFRINGEMENT.

Do not use or otherwise make available Product or related software or technology for any military purposes, including without limitation, for the
design, development, use, stockpiling or manufacturing of nuclear, chemical, or biological weapons or missile technology products (mass
destruction weapons). Product and related software and technology may be controlled under the applicable export laws and regulations
including, without limitation, the Japanese Foreign Exchange and Foreign Trade Law and the U.S. Export Administration Regulations. Export
and re-export of Product or related software or technology are strictly prohibited except in compliance with all applicable export laws and
regulations.

Please contact your TOSHIBA sales representative for details as to environmental matters such as the RoHS compatibility of Product. Please
use Product in compliance with all applicable laws and regulations that regulate the inclusion or use of controlled substances, including without
limitation, the EU RoHS Directive. TOSHIBA ASSUMES NO LIABILITY FOR DAMAGES OR LOSSES OCCURRING AS A RESULT OF
NONCOMPLIANCE WITH APPLICABLE LAWS AND REGULATIONS.

TOSHIBA ELECTRONIC DEVICES & STORAGE CORPORATION

https://toshiba.semicon-storage.com/
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